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tion and for producing unilamellar liposomes. The unim- 
odaJ sixe distribution is achieved by repeatedlv pacing 
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of niters, all of which have the same port iixe. Theaun- 
ilamellar liposomes art produced by using a filter which 
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3 EXTRUSION TECHMIQUES FOR PROPUCINC LIPOSOMES 

BACKGROUND OF THE INVENTION 

1. fit Id of th. Invmtlon . 

(O Thia invention rilicti to lipoioa«« md In particular to 

extrusion tachnlqut. for tha rapid production of unllasallar 
liposome «nd for tht production of liposomes having deflhcd also 
distributions. 

2. Description of tht Prior Art 

15 As la well known In cht arc* liposomes art closed vesicle* 

having a lipid bllayer membrane surrounding an aquaous core. In 
general, liposomes of tha following thraa typee hava If ten 
producad: 1) multilamellar vtalelas (MLVa) wherein aaeh vesicle 
includes multiple conctntric bilay c membranes stacked ona lnllda 

20 cha othar in an onion skin arrangement; 2) aaall unilamellar 
vtalclee (SUVa) having only ona bilayar eaabrana par veeicla- and 
having disasters ranging up to about SO na; and 3) large 
unilamellar vesicles (LUVe), again having only one bilayar aea- 
brane per vesicle, but in thla caae having diameters greater than 

25 about SO na and typically on the order of 100 na and above. 

A review of these three types of liposomes, including methods 
for their preparation and various usee for Cha finished liposomes, 
can be found in the text Liposomes » Marc J. Ostro, ad.» Marcel 
Dckkcr, Inc., New York, -1983, the pertinent portlona of which ara 

30 Incorporated herein by reference. Sea also Ssoka. Jr.. at al. f 
Ann. Kav. Blophye, Bloong. , 9:467 (1980), tha pertinent portlona 
of which ara also Incorporated herein by reference. 

Othar types of liposomes which hava been developed Include 
etabla plurllaaellar vesicles (SPLVe), aonophaaic veeldee (MPVa). 

3S and ataroldal liposomes. Descriptions of these vesicles and 
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methode for preparing chta can bt found In copending and commonly 
assigned U.S. Patent Applications Serial Not. a/6, 49ft. 321.176. 
and 399,691. fllad on March 24, 1983, August 6 9 1983. and April 
12. 1984. raapacelvtly. tht parclntne portions of which art lncor- 
3 poracad haraln by rtftrtnct. 

Ont of tht primary uats for llposomts Is as carriers for a 
variety of materials, such as. drugs, cosmetics, diagnostic ra- 
agtncs. bloactivt compounds, and cht Ilka. Llposomts art alao 
vldtly used as scltntlf lc models for naturally occurring blologi- 
10 cal membrane eye terns. 

In connection with tach of these usts. It Is Important .to 
havt available populations of llposoats which havt dtflntd atan 
dlaatttrs and dtflntd size distributions about those mtans. Mora 
particularly, it is laportant to havt . available populations of 
13 llposoats which havt a substantially unlaodal distribution about a, 
saltcttd atan diameter. 

In terms of commercial applications, and in particular, phar- 
maceutical applications, such populations art needed to enhance 
the tfftctlvtntas and aafety of llposoat tncapsulatad drugs and 
20 similar materials. Moreover, tht availability of accurately 
defined populations of liposomes would make it significantly easi- 
tr to obtain approval for llpcaomt-ccntainlng preparations from 

sucbfegulatory agencies as tht United Statts Food and Drug Admin- 

* 

latration. In terms of other llposomt applications, including 
23 scientific investigations, tht rtady availability of wtll- 

charactarlstd populationa of llposomts would ltad to mora 

standardised products and reptatablt txptrlatnts. 

Tht prsstnt invention rtlatts to improved methods for the 

production of liposomes* tn particular, tht invention re la tee to: 
30 1) an improved atthod for producing unilamellar llposoats of both 

tht largt and small types' and 2) an laprovtd atthod for producing 

llposomts having dtflntd site distributions. 

Prior to tht prtsent invention, largt unilamellar llpoaomta 

(tUVe) wart commonly productd by ont of tht following thrtt 
33 mtthoda: 1) reverse-phaea evaporation. 2) dtttrgtnt dilution, and 
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3) infusion proctdurts Jislng various solvtncs. See Liposomes . 
supra , Ch. 1, pages. 37-44. 

In tht reverse-phase tvaporation ttchniqut, tn aqutous bufftr 
is ineroductd inco a mlxturt of phoapholipid and an organic sol* 
S vtne co product N invtrctd micelles," i.e., droplttt of wactr sca- 
billstd in cht organic solvtnc by bting surroundtd by a 
phospholipid monolaytr. Evaporation of cht solvtnc causts tht 
■lctllts Co coaltsct and form tht dtsirtd liposomes. See, for 
txamplt, Sxoka, Jr., tc al», Proc. Natl. Acad. Set. USA, 75:4194 
10 (1978); and U.S. Pattnc 4,233,871 co Papahadjopoulos tc al. 

In cht dtctrgtnt dilution approach, lipid, dcttrgtnc and an 
aqutous solution art mixtd together and sonicattd co fohm 'cht 
dtslrtd vesicles. Stparaclon ttchnlquts, such as, gtl filtration, 
art chtn ustd co rtmovt cht dtctrgtnc and chus product cht fin- 
15 lshtd liposomes. 

In Cht infusion proctdurts, lipid is dissolved in a solvent, 
e.g., pentant or dltchyl tthtr, and tht llpld-solvtnt solution is 
lnfustd inco an aqutous solution undtr conditions that causa |ht 
solvtnc Co vaporlzt and* thus produc*. tht dtslrtd liposomes. Set, 
20 for example, Deamer, Annals New York Acadtmy of Sciences , 308 : 
250-258(1978). 

Other ttchniquts which havt been used to produce LUVs include 
fusion ttchnlquts vhtrtby a population of SUVs Is trtattd so aa co 
cauat individual SUVs Co fust with tach othtr co form LUVs. For 

25 example, U.S. Patent 4,078,032 co P. Otmttrios Papahadjopoulot 
dtserlbts a ctchnlqut whtrtln calcium ions art uttd co fust SUVs 
inco cochleatt cyllndtrs, and cht cylinders art chtn crtactd with 
a calcium chelating agenc auch as EDTA co form cht dtsirtd LUVs. 
Rapid frttsing of SUVs, followtd by slow chawing, has also bttn 

30 uttd co product LUVs by fusion. See, for txamplt, U.Plck, 
Archlvts of Biochemistry and Biophysics . 212:186 (1981). 

Vlch rtgard co cht produce ion of SUVs, as with LUVs, a vtri- 
ecy of techniques have bttn tmploytd in cht past. Stt Liposomes . 
su£ra, Ch. 1, pages 33, 36. Tht tarliatc ttchniqut involved 

35 sonlcaclon co clarity of a susptntlon of lipid in aa aqutout ao- 
. lutlon using a probt or bach sonlcaclon unic. Ochtr Ctchnlquts 
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hsvs lncludad Infusion procsdurss. slong ths lints of chose ustd 
for producing LUVs but vleh tthtnol as eh* solvtnc (stt S. Bttzrl 
snd E. Korn, Blochialcs st Biophysics Acts , 298:1015 (1973)), and 
s ttchnlqus seploying aulclpls psssss of KLVs through a Frtnch 
prsss optrtcsd st s prtssurs of 20,000 pal (stt, for txaoplt, 
Raallcon, Jr., st al«. Journal of Lipid Rssesrch , 2U981 (1980); 
and Barsnhols, st. al., FIBS Ltct. » 99:210 (1979)). 

In addition to ths basic cschnlquts ustd to product 
llposoass, various ancillary cschnlquts hsvs bttn dtvtloptd for 
post-prsparation trsatasnt of llposoats to laprovt thslr prop- 
srtlts. In particular, as dlscusstd eors fully btiow, aany of ths 
LUV cschnlquts dsscrlbtd sbovs havt rtqulrtd sizing of the fin- 
lshtd llposoats by filtration using, for txaapls, a ssrlss of 
polycsrbonacs filctrs. Sss Llposoats , suprs , Ch. 1, pagts 37-39, 
43; snd Szokt, tt al. , Blochialcs tc Biophysics Aces . 601 :339 
(1980). Strlts of polycsrbonacs filctrs hsvs slso bttn ustd to 
sits KLVs. Stt F. Olson, tt al., Blochialcs tc Biophysics A: ta, 
337:9 (1979), snd Bosworth, st si., Journal of Phsrmactut lcsl j 
Scltncts , 7^:806 (1982). j 
Alchough tach of cht fort going ctchniquts can bt ustd co pro-! 
duct llposoats, nons of chtss ctchniquts art cocslly satisfactory/. 
For sxaapls, tach of cht commonly ustd LUV ctchniquts lnvoivts* 
coablnlng chs components asking up cht llposont vlch a lipid 
solublllslng sgtnc, l.s., tlehtr sn orgsnlc solvtnc or s dtctr- 
gtnt. As Is wtll known in tht arc, solvents snd dscsrgtncs csn 
sdvtrstly sffsct aany aatsrlsls, such ss tnxyats, which ons aay 
wsnt to tncspsulacs in llposoats, snd thus chsss ctchniquts csnnoc 
bs ussd with chsss Mtsrlsls. Also, in applications such as tht 
gtntratloa of drug earrlsr systtas, tht posslblt prsssncs of thtst 
poctncially toxic agtnts is undtslrtblt. 

Hortovtr, chtss tschnlquss oftsn rtquirt ltngchy dialysis 
procsdurss which csn nsvsr coapltctly rtaovt chs solvtnc or dsctr- 
gtnc taploytd. Stt, for txsaplt, Allan, st si., Blochialcs tt 
Biophysics Acta , 60^:328 (1980). Furthtr, s vsritty of protocols 
srs rsquirsd dspsndlng on ths lipid spsclss. For sxaapls, ths 
liaitsd solubility of csrtsln lipids (s.g. , cholsstsrol, 
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phoaphacidylaehanolaaint (PC) , and - phoaphtcidylsarint (PS)). In 
athar or tthanoi rtqulrta aodlf ication of tachniquts employing 
chtta aolvanta. Alttrnativaly , dtctrgtnt dialyaia procadurts ta- 
ploying non-Ionic dtttrgtnta auch aa oecylglucoalda art ctdloua co 
S *pply aa thay can lnvolva atvtral days of dlalyaia. Plainly, tha 
naad Co aaparaea lipid aolubiiizing agtnca from tha flnlshtd 
lipoaoata aattrially dacraaaas cha uatfulntsa of chtst atthods. 

Along thtaa saot Unas, cha prior arc LUV ttchnlquta hava, in 
gtntral, producad lipoaoata of various alias, aa wall aa aggrc- 

10 gacaa of lipoaoata, thus rtqulrlng cha additional a tap of sizing 
cha flnlshad lipoaoata with a sarlas of filtara. Again, thia 
makaa tha ovarall proctaa aora claa conaualng and coepllcaca'd. 

Tha fualon tachnlquaa includt alallar drawbacka. For axaa- 
« pl'a, cha calclua lon/calclua chalaclng agtnc tachnlqua, Ilka cha 

13 N -» 0 ivant and dtctrgtnt tachniquas, involvas Cha uaa and aubsaquan* 
raaoval of matarlala in addition co Choaa actually aaking up cha 
flnlahad lipoaoata, in thla caat. tha chalaclng agtnc and tha add* 
ad calclua ions. Aa with tha aolvtncs and dactrgtnes, thtaa aati- 
rlala rtprtstnt poaalbla aourcas of ^ontaaination, Halt tha uaji- 

20 fulnaaa of tha tachnlqua, and aakt tha tachnlqut eort complicattd. 
Alao, this tachnlqua rtqulrts that cha composition of (jha 
llpoaoaaa lncludaa soma phoaphatidylsarina . 

Aa co Cha fraaxa-thnw tachnlqua, chla tachnlqua auffara froa 
tha drawback that cha apaclfic crapping capacity of tha llpoaoaaa 

23 producad by tha tachnlqua dropa off aharply at phoaphollpld con- 
cancradona abova about 20 ag/al. 

Tha SUV taehniquaa hava alallar problems. For axaapla, high 
tntrgy aonlcaclon can cauaa oxidation and dagradaclon of 
phoaphollplda and aay daaaga aoluta aoltculta which ona vanca to 

30 capcura la cha lncarior apaca of cha lipoaoata. Alao, whan par- 
foraad ualng a aonlcaclon proba, high anargy aonlcaclon can cauaa 
proba aroalon, and If dona with bach aonlcaclon In coablnaclon 
with radloacclva aatarlala, can produca a pocancially hasardoua 
aaroaol. Low tntrgy aonlcaclon la alow, can ba daacrucclva co 

33 phoaphollpld aolaculaa, i and cannoc ba uaad Co prapara larga 



quancitiee of liposomes. Further, tht sonication approach results 
In low trapping off lelencles. 

Tha lnfualon type SUV proeaduraa auffar tha aama problems as 
tha LUV lnfualon proeaduraa. Tha high pressure Franeh praaa tech- 
nique haa lta own aat of problems. Including difficultly In Bak- 
ing tha technique repcatable, tha, natd for post-preparation fil- 
tration to remove thoaa KLVa which hava not baan convartad to 
SUVa, tha need for axpanaiva and cumbersome equipment capable of 
withstanding tha high prtasuraa used, and contamination of tha 
product by dlslnttgratlon of coaponanca of tha apparatus which 
occura during processing of tha liposomes. See, for example, 
Boeworth, at al., Journal of Pharmacautlcal Sciences . 7h806 
(1982). Also, this tachnlqua can only produce small llposoaaa 
having a low trapping efficiency. 

Turning to tha else distribution aspacta of tha invention,-* 
various procedures hsva batn investigated in tha peat in an at- 
tempt to find a way to control, both liposome slsa and dls| 
trlbutlon. Each of these procedures haa fallen short of tha aarjt 
In one way or another. For example, CMng-hsien Huang; in filoi 
chemistry , 8:3U (1969), described a multi-step technique for 
producing a hoaogeneous population of saall unilamellar liposomes 
(SUVe) which Involved sonleatlng a lipid suspension in a buffer 
for 21 hours, centrif ugine^ the resulting product at 103,000 x g 
for 1 hour to remove undlspersed lipid, filtering the supernatant 
through an extensively washed 0.1 alcron Sertorlua filter, sub- 
jecting tha filtrate to aolecular sieve chromatography on a 
Sepharoaa 48 column which had previously been saturated with the 
lipid auapanalon and washed and equilibrated with tha buffer, and 
collecting tha second fraction eluted froa the column. Although 
thla procedure did produce a population of llposoaas having a 
defined else dietribution, It waa obviously complicated and time 
consuming to uae, it only produced SUVe. and it ran tha rlak of 
chemically changing the liposomes or their contents during either 
the long term sonication or the expoeure to tha Sepharoaa 48 
column. 



In in ictt«pc co overcome toot* of the problems with cht Huang 
technique, Barenholz. et tl.. Biochemistry , ±6:2806 (1977), devel- 
oped * technique In which high speed centrifugatlon was substitut- 
ed for molecular-sieve chromatography. In sccordance with this 
5 technique, a lipid dispersion In s buffar was sonicated for 30 
minutes, centrifuged for 15-30 minutes et 100,000 x g to remove 
largo multilamellar liposomes and sonlcation proba particles, and 
eha supernatant from tha 100.000 x g centrifugatlon was 
re-centrlfuged at 159,000 x g for periode of tima ranging from 1 

10 to 4 hours dapandlng on tha lipids, buffar compositions and tern- 
ptraturss used. This lattsr csntrlfugatlon producsd thrsa zones, 
tha top ona of which contained tha desired homogeneous population 
of llposomaa and had to ba carsfully rtmovad without picking up 
part of tha adjacanc second zona. Although thla technique did 

IS ellminsce tha usa of Saphaross 48 columns, It was still long and: 
complicatad, still only producsd SUVs, and still had tha problems 
arising from sSnlfcxtion. Along chess same lines, Watts, at * al.ji 
Biochemistry , 17:1792 (1978), reported preparing a homogeneous 
population of SUVa from dimyriscoylp'-.osphacidyicholine (DMPC) bjy 

20 sonlcation followed by centrlfugaclon at 105,000 x g for 10 min- 
utes at 4 # C. f 

In addition to the efforts directed at obtaining homogenous 
populations of SUVs, numerous sttempts have been made to obtain 
homogenous populations of larger liposomes. I.e., llposomaa having 

25 dlamatera larger than about 50 nm. The majority of these efforts 
have Involved tha use of a series of polycarbonate filters of de- 
creasing pore size. 

For example, Olson, at si., in Blochlmlca at Biophysics Acta , 
557:9 (1979), described the sequential extrusion of Urge 

30 multilamellar liposomes through polycsrbonata filters having pore 
elses of 1.0, 0.8, 0.6, 0.4, snd 0.2 microns. See also Brandsel, 
at si., Blochlmlca at Biophysics Acta , 396:129 (1980). Olson's 
laboratory alao reported tha application of their technique to tha 
sizing of Urge unilamellar liposomes prepared by reverse phase 

35 evaporation. See Blochlmlca at Biophysics Acta , 60±:559 (1980). 



In thlt cast, filters having port tlztt of 0.4# 0.2, 0.1, and 0.08 
microns were used. 

Although the Olson work at rtporctd In tht llctracurt would 
apptar to product unlmodal population! of largt liposomal (stt, 
for txample, Flgurtt It tnd 3d in tht 1979 trticlt, and Flgurtt 
ID, 2D, tnd 3D In tht 1980 trticlt), tt dttcrlbtd in dttall in 
txample 10, infra, it hat bttn surprisingly found thtt whtn qua* 
si-elastic light tcatttrlng it used tt tht ttchnlqut for determln- 
lng tixt distributions, liposomes prtptrtd by tht Olson ttchnlqut 
turn out not to havt a unlmodal distribution. In ttrmt of largt 
tcalt commercial production of liposomes, quasi-elastic light 
tcatttrlng is tt prtstnt tht only known ratl-tlmt physical mtthod 
for defining slst distributions, to thtt in ttrmt of commercial 
applications, tht Olson proctdurt ctnnoc bt said to actually pro* 
duct a population of liposomes which is unlmodal. 

In addition to tht Olson sequential polycarbonate filter ap- 
proach, othtr technlquet havt bttn trltd in tht hopt of obtaining 
t homogenous population of relatively large liposomes. For exam- 
ple, Schullery, et tl., Chemistry tnd Phyalct of Lipids . ^2:7j 
(1973), described the use of Mllllpore filters having port sixes 
of 8.0, 1.2, 0.80, 0.65, and 0.45 microns to slst largl 
multilamellar phosphatidylcholine liposomes. 

rfhoden, et tl., Biochemistry , 18:4173 (1979), reported'the 
production of liposomes having diameters bttvttn 34 and 128 nm iy 
tolublllslng phosphatidylcholine and cholesterol in t sodium 
cholatt solution tnd thtn removing thtt dtttrgtnt by hollow flbtr 
dialysis. The size of the llpotomtt was varied by adjusting tht 
photphollpld/cholttctrol rttlot tnd tht pK tnd ionic ttrtngth of 
tht dlalysatt. It was obttrvtd thtt brotdtr distributions wtrt 
produced for largtr llpotomtt. 

Botworth, tt tl., Joumtl of Pharmaceutical Sclencet , 7^:806 
(1982), combined the eequential polyctrbontte filter sizing ttch- 
nlqut with dialysis across, tht ttmt typtt of filttrt. Llpotomtt 
wtrt prtptrtd by mtchtnlctl agitation or by tht French prett tech- 
nique of Barenhols, tt al., FEBS Lett. . 99:210 (1979). Thott 
produetd by mtchtnlctl agitation wart tlsed ueing filtert htvlng 



pott slits of batwttn 0.2 tnd 1.0 aicrona, with tht liposeats bt- 
lng pttttd twlct through tht smallest filter and. In toot casts, 
tvlet through ttch of tht filters; For dialysis, filters having 
port tlats between 0.03 and 3 aicrons vara used. 

Enoch, at al., Proc. Natl. Acad. Scl. USA t 76:145 (1979). 
described tht prtparation cf liposomes having dlaotctrs of 100 no 
by datargaot trtttmtnt of tonlcatad vesicles follovad by gal fil- 
tration on Sapharosa 4B. Hamilton, at al. , Journal of Lipid Re- 
search, 2^:981 (1980), daacribad tha preparation of lipoeoae popu- 
lations of various sixaa using a Franch prasa In combination with 
ultracentrlfugatlon and gal chromatography on columna of 21 or 4t 
agarose. Reeves, tt al., J. Call. Physiol. , 73:49 (1969), report- 
td tht production of a population of giant llpoaomaa (mods • 1,200 
na) having a log-normal distribution, but vasiclaa amalltr than 
1000 nm wart atasurtd with difficulty, and thoaa smaller than 500 
nm wara not atasurtd at all. 

A rtvltw of soma of the foregoing proctdurtt can bt found in 
Stoka, at al.. Ann. Rev. Blophvs. Bloeng r., 9:467, 493-494 (1980), 
Saa alao liposoots . Marc J. Ostro. sc., Marcal Dtkktr. Inc., S*\ 
York, 1983, Chapttr I. 
SUM1ARY OF THE INVENTION 

In vitw of tht fortgoing atata of tht art, it la evlt'ant that 
thara la a aubstantlal and continuing nttd for an Improved aethod 
for prtparing unilaotllar iipoaomas of both eha SUV and ItfV typtt. 

Mortovtr, it Is also avldant that slnca at laaat as aarly as 
1969, thara haa bttn a continuing affort to produca populations of 
llpoaomaa having daflnad Alia distributions. Much of that affort 
haa baaa dlractad towards obtaining populatlona having maan diaae- 
tara graatar than about SO na. Along with tha daalra for tha pop- 
ulatlona par at, thtrt ha/ bttn a parallel datlrt for a generally 
applicable and aiapla tb uaa tachnlqua which will vaproduclbly 
gtntrata populatlona of tha typa dtslrtd for a wlda varlaty of 
procaaalng conditions. 

Accordingly, it is ona of tha objects of tht prtttnt In- 
vention to provldt an inprovad tachnlqua for producing unilaatllar 
llpoaomaa. Mora particularly; It la an objacc of thie Invention 
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cq provlda t s lapis, raproduclbla tachnlqua for producing 
unllaaallar llpotoass which can ba parforaad with rtidlly avail* 
abla and ralativaly lntxpanslva aqulpaant, which haa a ainiaua 
numbar of acapa 9 which haa a high output of llpoaoata par unit 
S tiaa, and which doaa not raqulra that tha componanta Baking up tha 
lipoaomaa ba aonlcatad or coablnad with aolvanta» datsrgants or 
othar axtranaoua aatarlala; 

It la anothar objaet of tha lnvantlon to provlda a tachnlqua 
for producing Uposoass of both tha unllaaallar and aultllaaallar 
10 typaa which doaa not rtqulra tha uaa of aolvants, datarganta or 
othar axtranaoua aattrlala* 

It la a furthar objact of tha lnvantlon to provlda popu- 
lations of llpoaofflaa having daflnad alsa distributions. It la an 
additional objact of tha lnvantlon to provlda a atralghtforvan! 

15 aathod for obtaining audh populatlona. 

* 

To achlava tha foragolng and othar objaeta, tha lnvantlon , In 
accordanca with csrtain of Its aspacts, provldaa a aathod fir 
producing a population of substantially unllaaallar llposoojcs 
which Involvsa rapaatad extrusions at aodarata prtssurts of prayl- 

20 oualy formad Uposoass through a flltar having a pora sirs balow a 
critical uppar Halt, spaclf ically, balow approxiaataly 100 na. 

In thla aannar, tha lnvantlon provldaa a varlaty of advan- 
tagas ovar pravloualy known aystaaa for producing unllaaallar 
llpoaoaaa. Including tha following: 1) tha ability to ton 

25 unllaaallar vasiclaa froa a wlda ranga of lipids; 2) tha ability 
to uaa high lipid concancratlona (a.g.» on tha ordar of 300 
uaol/al) ao aa to aaally achlava high trapping af f lclanclas; 3) 
tha ability to provlda raproduclbla and vary rapid production of 

i' 

unllaaallar vsaiclaa, and, In particular, larga unllaaallar 
30 vaaiclaa, through tha uaa of high axtruaion flow rataa and auto* 
aatle or aaai-autoaatic racycllng of tha llpoaoaaa through tha 
flltar; 4) tha ability to produca llpoaoaaa of a daalrad alsa by 
ualng a alngla pora alsa flltar with ainiaua flltar clogging prob* 
laaa; 5) tha ability to avoid tha uaa of erganle aolvanta and da- 
35 targanta; and 6) tha ability to provlda an ovarall ralativaly gan- 
tla procaas. 
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In soae casta, rather than completely tranafnraing a popu- 
lation of aultilaaellar liposomes Into a population of substan- 
tially unilamellar liposomes, It Is desirable to only partially 
dacrtast tha laaellarity' of tha population without reaching the 
S fully unllamtllar stags. Filttrs having a port slza of about 100 
na art still uaed In accordanca with this aspect of tha invention, 
but with a raducsd nuabar of passaa through tha filtar. 

In accordanca with soaa of ita othar aspects, tha invention 
provides a aathod for producing liposomes directly froa a lipid 
10 powder or pellet by simply coablnlng the powder or pellet with an 
aqueoua buffar and than applying sufficient pressure to the 
llpld/buffer alxture to repeatedly pass It through a filter. If 
tha filter has a pore size less than about 100 na t substantially 
unilamellar liposomes are produced. If the filter has a pore size 
IS significantly above 100 na, e.g., on the order of 200 naV 
multilamellar liposoaes are produced. Significantly, In etcher 
case, the liposomes are completely solvent free, in that, not e>jen 
chloroform, * as has been used in the pant to produce MLVs, l is 
required for liposome production In accordance with these aspects 
20 of the present invention. ' 

In accordance with further of its aspects, the Invention pro- 
vides populations of liposoaes having essentially unlaodal dis- 
tributions about aean diameters which are greater than SO nm. 

In accordance with still further of its aspects, the in- 
23 ventlon provides a method tor Increasing the homogeneity of a pop- 
ulation of liposomes by repeatedly passing the liposoaes through 
one or more filters of a constant pore alze until the size dis- 
tribution of the population becomes essentially unlaodal. 

The attalnaent of the foregoing and other objecca and advan- 
30 tagea of the present invention la deacrlbed fully below In con- 
nection with the description of the preferred eabodlaenta of the 
invention. 

BRIEF DESCRIPTION Of THE OfUVINCS 

Figures 1A and IB are acheaatlc diagrams of apparatua suit- 
33 abla for practicing tha present invention. In Figure* IA, tha 
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iiposomt suspension It rtcyclsd through tht fllctr by hand, while 
In Figure IB, the rtcycling hag been partially automatad. 

rigurt 2 shows tha 3l P NMR signal Inttnalcy arlalng fro* egg 
phosphatidylchoiina (EPC) aultilaaeiiar vteicltt (in tha prtatnet 
S of S iN KnCl 2 ) aa a function of tha nuabar of axtruaiona through 
polycarbonata filtara with 100 na (eirelaa) and 200 na (squeres) 
pora aiaaa. Tha arror bara" rapraaanc atandard dtvlationa (n • 6 
for tha point at 10 axtruaiona through tht 100 na fllctr; n • 3 
for tht point at 30 axtruaiona). All other axparlaantal points 

10 reprsscnt tha avaraga obtained froa two separate experiments. Tha 
lipid concentration in all caaea waa between 30 and 60 uaol/al.. • 
Flgura 3 shows four fraesa-f ractura alcrographa of vesicles 
prtpared by rtpeated extrualon of aultiiamtliar vesicles of vary- 
ing lipid coaposltlon through polycarbonate filtara: (a) aoya 

13 phoaphatidylchoiina (PC) KLVs axtrudad through a 100 na filter; 

(b) soya PC - soya PS (1:1) KLVs axtrudad thiough a 100 na filter; j 

(c) aoya ?E - soya PS (1:1) MLVs extruded through a 100 na filter; . 

(d) soya PC MLVs extruded through a ftltar with a 200 na pora I 
size. Tha arrow in part (d) indicatea a cross fracture revealing 

20* inner iaaellat. All aicrographa have tha aaae magnification and r 
tha direction of ahadowing is indicated by the arrowhead in tha 
bottoa right corner of tach taction. In each case, the extrusion 
procedure was rtpeated 10 tlaea on lipid systems containing 40-70 
umol/ml phospholipid. 

23 Flgura 4 ahowa tha alsa distribution of soya PC vesicles ob- 

tained aftar 10 axtruaiona through a polycarbonata filter with a 
100 na pora alsa. Tha vesicle diameters wert attturtd froa frttzt 
frtcturt alcrographa amploylng tht ctehnlqut of vtn Vtnttlt tt al, 
(1980) J. Microti , ,118:401-408. Tht black and hatf-tona columne 

30 rapraaanc vesicles that did and did not undergo freext-thaw 
cycling, respectively. , 

Flgura 3 ahowa tha calorimetric bahavlor of hydrattd 'dlpalal- 
toylphoaphatldylchollna (OPPC) In larga multilamellar vealclaa 
(KLVs) and in larga unilamellar vealclaa prtptrtd by tht txtrusion 

33 ctchhlqut of tht prtttnt invention (LUVCTt) • Tht KLVe wtrt foratd 
by vorctxlng a dry lipid film in tht bottoa of a taac tuba in tha 
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prtstnet of a MtCl buffar at S0 # C. whtrtaa the LUVETs were foraed 
by rtpttltivt extrusion (10 tints) of tht KLVs (SO ag lipld/al) 
through 100 na port size polycarbonate filttrs st S0 # C. Scan 
rstts of 2.0 # K/ain vtrt eaploytd. 
3 Figurt 6 shows tht trapping tfficitncy as a function of lipid 

conctntratlon for llposoats prtpartd In aecordanct with tht prt- 
stnt Invtntlon both with (optn circlts) and without (clostd clr- 
clts) frttst- thawing. |4 C-lnulln was ustd as a trap aarktr. 

Figurt 7 ahowa tht 3l P SKR signal lnctnslty arising froa tgg 
10 phosphatldylehollnt (EPC) aultilaatllar vesicles (In tht prtttnct 
of 5 aM MnCij) as a function of th», nuabtr of extrusions through m 
polyearbonatt filttrs with SO na (optn circlts) and 30 na (solid 
circlts) port slats. Tht lipid conctntratlon In all casts was 100 
ag/al. 

IS Flgurts 8 and 9 show f rcese-f racturt alcrographs of ths 

vtslelts of Figurt 7 proctsstd through SO na and 30 na filttrs* 
ttsptctlvtly. In each cast, tht upptr portion of tht figurt (Fig-, 
urts 8A and VA) was prtpartd afttr one txcruslon (xl) through two/ 
stacktd polycarbonate filttrs, and tht lower portion (Flgurta 8B| 

20 and 9B) afttr ttn txcruslon/ (xlO) . 

Figure 10 shows the clearance of l25 I-Cyraainyl-inuiiy 
( l25 ITI) entrapped in egg phosphatidylcholine (PC) • cholesterol 
(1:1) LUVETs froa the rat circulation (circles) and subsequent 
excretion in the urine (squares). The LUVETs were prepared in 

23 accordance with the present invention and were Injected Into the 
tall vein of 130-173 g feaale Vlstar rats at a dose level of 0.3 
uaol phospholipid In 100 ul HBS. Urine was collected In aetabollc 
cages. Blood was withdrawn and the anlaals sacrificed at the in- 
dicated claes and tht total aaount of l25 ITI In the blood cal- 

30 culattd assualng 4.9 al blood par 100 g rat. Rttults art tx- 
prtsstd aa ptretntagts of the total l25 ITI Injected ta.e. (n**). 

Figure 11 ehows the long tera tissue distribution of the 
LUVETs of Figure 10. The syabols correspond to liver (circles); 
carcass (trlanglee) and spleen (squares). Results are expressed 

33 as percentagea of total l25 ITI in vivo (total l25 ITI Injected ai- 
nus aaount excreted) ta.e. (n-4). 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As described above, the present lnvtnclon provides extrusion 
techniques for producing: 1) populations of substantially 
unilamellar liposomes; and 2) populations of liposomes having sub- 
S stantlally unlmodal distributions (hsrslnaftsr referred to as ths 
"unilamellar" and "unlmodal" aapsets of ths lnvtnclon, respective- 
ly), tn addition! ths lnvsntion allows liposomes to be produced 

without ths uss of any solvents, dstsrgsnts or othsr extraneous 

* • 

•metsrials (hsrslnaftsr rsfsrrsd to as ths "solvsnt frss" aspects 

10 of the Invention). 

The populations of substantially unilamellar liposomes jts 
producsd by subjecting previously formsd liposomes to multlpls 
extrusions at moderats pressurss through a filter having a pors 
slss of less than or equal to about 100 nm. 

IS The previously formed liposomes can have a variety of compo- 

sitions and can be prepared by any of the techniques now known or 
subsequently developed for preparing liposomes. 

For example, the previously formed liposomes can be formed by 
the conventional technique for preparing MLVs, that is, by depos- 

20 ltlng one or more selected lipids on the inside walls or a suit- 
able vessel by dissolving ths lipids in chloroform and then evap- 
orating the chloroform, adding the aqueous solution to be 
encapsulatsd to ths vessel, allowing the aqueous solution to hy- 
drats ths lipid, and swirling or vortsxing the resulting lipid 

23 suspension to produes ths deslrsd liposomes. This technique em- 
ploys ths most gsntls conditions and the simplest equipment and 
procedures known In ths art for producing liposomes. Also, this 
tschnlqus specifically avoids ths problems with sqpieatlon or ths 
uss of dstsrgsnts* solvents (othsr than chloroform) or othsr ex- 

30 traneoue materials, discussed above, 

Altemetively, In accordance with the solvent free sspects of 
ths present invention, ths liposomes which are to be repsacsdly 
extruded through ths filter csn bs prepared by simply mixing s 
lipid powdsr or psllst snd buffsr togsthsr snd thsn directly 

33 extruding that mlxturs through ths filter. If ths filter has a 
pors slss tf lsss thsn sbout 100 nm, this procsdurs produess 
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unllsmellsr liposomes, while If the pore size Is substantially 
greater than 100 nm, multilamellar liposomes srs produced. In 
either east, tht procsdura allmlnacts the uaa of all solvents. 
Including chloroform. 
3 With regard to the production of populations of liposomes 

having substantially unlmodal distributions, tha liposomes making 
up Che population can have a variety of compositions and can be In 
the form of multilamellar, unilamellar, or other types of 
liposomes or, more generally, llpld-concalnlng particles, now 

10 known or later developed. For example, the lip id-containing par- 
ticles csn be In the form of steroidal liposomes, stable 
plurilamellar liposomes (SPLVs), mohophaslc vesicles (MPVs), or 
lipid matrix carriers (LHCs) of the types disclosed in copending 
end coononly assigned U.S. Patent Appllcatlona Serial Kos. 

IS 476,496, 521,176, 591,576 and 599,691, filed March 24, 1983, Au- 
gust 8, 1983, March 20, 1984, and April 12, 1984, respectively, 
tha pertinent portions of which are Incorporated herein by refer- 
ence. 

The mean diameter of the population will depend on the manner 

20 In which the liposomes are to be used. For example, ae recognlxefd 
by persons skilled in the art, for diagnostic applications, mean 
diameters in the range of 100 nm to 500 nm are generally pre- 
ferred, while for depotlng of drugs, larger diameters, e.g., on 
the order of 500 nm to 1000 nm, are preferred, and for applies* 

23 Clone where endocytosls is desirable, smaller dlametera, e.g., on 
tha order of 30 nm to 100 nm, are preferred. Similar ranges have 
been recognised in the art for other applications. See, for exam- 
ple. Liposomes, suprs . 

Msan diameters of populations of liposomes can be meaaured by 

30 varloua techniques known in the arc, including f reese-fraccure and 
quasi-elastic light scattering. Aa dlacuaaad above and in mora 
detail below, quasi-elastic light acatterlng la preferred in che 
concexc of the unlmodal aspects of che present invention, and che 
valuea for llpoeome dlametera reporced herein in connection with 

33 Choae aapecta were meaaured ualng chla cechnique. 

Tha subscanclally unlmodal population of liposomes la pre- 
pared by repeatedly passing prevloualy formed liposomes through 



-16- 

flltera of * conacant port list until the alto dletTibution of tha 
population In fact beeoaee unlaodal. It haa baan aurprlelngly 
found that repeated paaaagaa through flltara of a conacant pora 
also eauaaa blaodal aapacta of tha original alio dlatrlbutlon of 
tho llpoaoaaa, aa vail aa any highar aodal aapacta, to eventually 
dlaappaar. For tha mat hod to work, however, it la nactaaary to 
uaa ona pot a slit, and uaa it repeatedly, 

Tha pravioualy foraed llpoaoaaa can bo praparad by any of tha 
taehnlquaa now known or aubeequently davtloptd for praparlng 
llpoaoaaa. For exaaple, tha pravioualy foraad llpoaoaaa can ba 
foraad by tha conventional tachnlqua. dlacuaaad above, for prapar-. 
lng aultllaaellar llpoaoaaa (HLVa) • 

Alternatively, taehnlquaa uaad for producing largo 
unllaaallar llpoaoaaa (LUVa), auch an, reverae-phaee evaporation, 
lnfualon procedure*, and datargant dilution, can ba uaad to pro* 
duca tha pravioualy foraad llpoaoaaa. A review of thaaa and ocher 
aethode for producing llpoaoaaa can ba found in tha text 
Llpoaoaaa , eupra , tha partlnant portione of which ara lncorporatad 
haraln by rafaranea. Aa other alternatlvte, tha pravioualy foraad 
llpoaoaaa can be producad in aecordanca with tha proctduraa da- 
acrlbad in U.S. Patent Appllcatlona Serial Noa. 476,496, 321 9 176 f 
and 599,691, referred to above. Also, rather than ualng llpoaoaaa 
par aa, other lipid-concaining partlclea, auch aa thoae deacrlbad 
in U.S. Patent Application lerlal No. 391,376, referred to. above, 
can ba uaad in tha practice of tha praaant invention. In auch 
caaaa, tho rtaulting unlaodal population will. In general, not ba 
a population of llpoaoaaa, but rather a population having elallar 
characterlatlca to thoaa of tha original lipid-eontaining partl- 
clea uaad. 

In chooalng a technique for producing the prevloualy foraad 
llpoaoaaa, it la laportant to aelect one that will not produce a 
aubecantlal nuaber of llpoaoaee hevlng a dlaaeter aignlf lcantiy 
•teller than the pore etae aelected for generating the unlaodal 
population. Otherviee, it aay take an eatreaely high nuaber of 
paaaea through the filter to Incorporate the aaell llpoaoaaa into 
tha unlaodal population. Since alaa dlecrlbutlona for populations 
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of liposomes ars relatively easily determined, aelertln* .1 tech- 
nique which eatlsfles this requirement Is Mil within the nktli of 
persona skilled la the arc. 

Rather Chan using prevloualy formed liposome* as tlio starting 
S material. If doelred, cha aubacandally unloodnl population of 
liposomes can ba preparad using cha aolvanc free approach, dia- 
cuaaad above. That la, cha population of liposomes ran ha pro- 
pared directly fro* a lipid powder or pal lac and buffer by simply 
mixing cheae ingredlenta together and Chan directly panning that 

10 mixture through Ulcers of a selected pora eize n sufficient num- 
ber of times to achieve the denlred unlmodnllty. 

The filter used to generate the unilamellar liposome* or the 
unlmodal distribution of liposome* 1m preferably of tha typo which 
has straight through channels. Polycarbonate filters ot' this type 

IS produced by Huclepore, Inc., Plensanton, CA, have been found to 
work successfully In ths practice of the present invention. In e 
typical procedure, ths filter may have to he changed, after tijie 
first two or three passes nf the liposome suspension due to pore 
clogging. Clogging in general depend* on such variables a* lipid 

20 composition, purity and concentration, as well an on the prepare 
and flow rates used. f 

The most critical parameter in preparing unilamellar 
liposomes In accordance with the preaent Invention in ths sUe of 
the filter's channel*. It has be«n found that unilamellar 

25 liposomes cannot be produced from multllam* 1 lar liposomes, no mat- 
Car how many times the MLVs are passed through ths filter. If the 
filter's pora else Is significantly above about 100 no, e.g., If 
che pore else is about 200 no (a«e Example J, Infra ) ♦ According- 
ly, only filters having a pore alee equal co or below about 100 nm 

30 can ba uaed in connection with thla aspect of che invention. 

Aa llluetrated In Example 6 below, the site of the 
unilamellar liposomes produced depends on cha pcre else of the 
filter used, che mean diameter being, in general, eomewhac smaller 
Chan Cha pora elze. If dsslrsd, che llpoeomc'e mean diameter, ae 

33 well aa their trepped volumes (ul per uool phospholipid) • can be 
easily lncrsaeed uelng che freexe-thaw procedure discussed above 
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(•at alio Ex tap l« ». infra ). Inportantly; tine* this procedure 
dot* nee Involve the use of solvents, dtctrgtnts or other extra- 
neoue aeterlale, ch« Increase In liposome els* la noc ee eha ex- 
panaa of Introducing contaalnatleo and degradation probltsa. 
3 Vaalele alsa and crapped voluaee can elao ba aanlpulated by vary- 
ing othar paraaatars of the ayatee, auch aa, lipid eoaposltlon. 

The nuabar of pasaas through the filter ncadad to product the 
daalrad unllaaaller llpoeoats depends on the »fllter charactarla- 
eles (pore aire, composition and geoaetry) and tha eaterlale froa 
10 which tha llpoaoaes era to ba aada. Aa Illustrated by Example 2, 
infre. five or aora paaaas through a double stacked polycarboaace 
filter having a pore alsa of 100 no era typically required to ob- 
tain unllaaellar llpoaoaes. Less peases aey ba needed for eaaller 
pora alsas. For exeaple. vieh 30 na and SO na filters, two to 
IS four p»9t*t are In general sufficient to product a aubetantlally 
unllaaellar population of llposoaes (see Example 6, infra ). Also. 
If the goal Is only to reduce the lamellerlty of the population,) 
rather than to achieve substantial unllsaellarlty. less passes erJ 
needed. The appropriate nuaber of paaaas for any particular ays-j 
20 tee can easily ba determined by persons of ordinary skill in the 
art by slaply sampling the finished llposoaes to determine whea 
tha daalrad degree of lamellerlty has been achieved. 

With regard to tha unlaodal aspects of the Invention, the 
pore slse of the filter Is the primary determinant of the mean 
25 diameter of the final population. In general, within approximate- 
ly IS to 30 ptrctnt. cht atan dlaatttr Is approximately equal to 
the pore else. However, for port slsts btlew about 100 na. tha 
■aan dlemeter of tha population tends eo Itvel off ac about 75 na 
as aaeeurad by quael-eleeclc light ecetterlng, Irrespective of the 
30 specific pora else uaed. Aa discussed above, for port elsee below 
tbout 100 na, the finished llposoaes art found to bt substantially 
unllaatllar. Irrespective of the laatilerlty of the original popu- 
lation. For pore elsas above 100 na, aultllaaellar llposoaes re- 
main aultllsaellar and unllaatllar llpoeoaee rtaaln unllaatllar. 
33 The nuaber of passes through tht flletr needed to product a 

substantially unlaodal population dependa on tht filttr 
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characteristics (port six*, composition and geometry) and the ma- 
terials from which tht liposomal art to bt aada. In toot cast 
thrtt to flvt passes through doublt tttektd polycarbonate filttrs 
art sufficient to product a unlmodal population, Aa a general 
5 proposition, 25 passts through doublt a tacked polycarbonate fil- 
ttrs vlll product tht dtsirad unlmodal distribution for most 
liposome preparations. Tht appropriate number of passts for any 
particular systta can ttslly ba determined by persons of ordinary 
skill in the art by simply sampling tha finishad llposoaas to de- 

10 ttrmlnt vhtn substantial unlmodallty has bttn achieved. 

Passage of tht llposomts through tha flltar to produce the 
unlmodal, unilamellar, or both unlmodal and unllamtllar population 
of llposomts is accompllshtd undtr pressure. Pressures of various 
magnltudts can bt used dtptnding upon cht typt and composition of 

IS tha llposomts to bt produced, tht specific characteristics of tha 
tqulpmtnt employed, and tht rate at which llposomts art to bt 

produced* { 
Maximum pressures generally art limited by the pore slat of j 
tha support used to hold tht filter. For a filter support having) 

20 a pore size of abmit 30 microns, pressures between about 100 and* 
700 psl have been found to work successfully. These pressures^ 
produce intact liposomes, give high flow rates (on the order of 
20-60 ml/mln for a double stacked polycarbonate filter having a 
pore else of 100 nm) , and produce homogenous size distributions. 

23 e.g., 60-100 na dlaaeter liposomes for a 100 nm filter. With a 
flltar aupport having a pore slst smaller than 30 alcrona, higher 
pressures can bt ustd. 

As with tha number of^ passages through tha filter, tha appro- 
priate prtssura for a particular ayataa can ba readily determined 

30 by persona skilled in tha arc by examining tha finished liposomes 
m% to determine if they are substantially intact and have tha deslrsd 
unlmodal dlecrlbutlon and/or unllamallarlcy, 

Preaauraa in the 100*700 pal range are also preferred because 
they allow for tha extrusion of solutions having lipid concen- 

33 traclona on tha order of about 300 umols phospholipid par ml with- 
out elgnlflcant filter clogging. Prior arc liposome siting 



techniques employing polycarbonate f liters uaed pressures lesa 
then 100 pal, and thua vara United to lipid concantratlona of 60 
uool/al. Tha uaa of high lipid concantratlona haa raaultad In 
trapping afflelanclaa on tha ordar of 30Z for tha praaant In- 
vention. Rapid extruaior rataa on tha ordar of 20 al/aln and 
abova ara atlll achlavad for such high lipid concantratlona whan 
praaauraa In tha ranga of 300*500 pal ara used. 

Flov rataa on tha ordar of 20-60 al/aln do not rtpresant tha 
naxlaua flov rataa that ara achlavabla with tha praaant invention, 
but aartly rapraaant rataa consistent vlth convanlant collection 
of tha extruded aaterlal. Maximum flov rataa art sensitive to tha 
coneantratlon of lipid, tha history of cha aaapla (I.e., whether 
it haa baan extruded ona or aora times), tha praaaura eaployed, 
and tha natura of tha llplda themselves. For example, "gel atata w 
llplda cannot ba axtrudad. Such llplda fa.g., dipalaltoyt 
phoaphatldylchollna (DPPCH auac ba haacad abova thair gal to liq- 
uid cryatalllna transition* temperature (4i*C for DPPC) bafora ttje 
axtrualon procaaa can proceed, j 

At incraaaad pressure, tha axtrualon can ba axcaadlngly ra^- 
ld. For example, a 5 al dlaparalon of SO ng/al agg phoaphatldyl- 
chollna (EPC) haa baan axtrudad through a 100 nm pora else filter 
in laaa than 2 aaconda at 500 pal, corraapondlng to a flov rata of 
at least ISO al/aln. Thla rata would ba Incraaaad further by 
hlghar praaaura or temperature. 

Sultabla apparacua for practicing tha praaant lnvantlon la 
ahovn In Flguraa 1A and IB. As ahovn in Flgura I A* llpoaoea sus- 
panalon 4 vhlch la to ba axtrudad through flltar 6 la introduced 
into praaaura chaabar 2 by aaana of Injection port 8. Tha in- 
jection port alio iirvti n a ralaaaa valva. Praaaura chamber 2 
la formed from uppar portion 10 and lovar portion 12 vhlch ara 
connactad together by, for example, bolta 14. A aaal batvaen 
thaaa portlona and filter 6 la provided by O-ring 16. Preferably, 
tha chaabar la aada of claar plaatic ao that tha axtrualon of tha 
auapanalon froa tha chaabar can ba vleually observed. Tha flltar 
la aupportad vithln chaabar 2 by flltar aupport IB. In practice, 
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lt has bttn found convenient to use two stacked polycarbonate al- 
tera to form filter 6. 

Pressure la supplied to chambar 2 by meana of conduit 20 
which la connected to a source of pressure, e.g., a high pressure 

3 nitrogen tank (not showi^). Conduit 20 Includea valva and regula- 
tor 22 for adjusting Che pressure within chambar 2. The material 
extruded fro© filter 6 la removed from chamber 2 by means of con- 
duit 24 and collected In receiving vessel 26. In practice, valve 
22 la closed prior to the time all of the suspension has been 

10 extruded from chamber 2 ao aa to prevent high pressure gas from 
flowing through the system and blowing the suspension out of re- 
ceiving veaael 26. After having been collected in veaael 16, the 
extruded material Is repeatedly returned to chamber 2 by meana of 
injection port 8, until the original population of liposomes has 

13 passed through filter 6 a sufficient number of times ao aa to subj- 
stantially lncreaae Its unlmodallty and/or unilamellarity . 

Figure IB shows a modification of the apparatua of Figuri IA 
wherein the recycling of the extrudate la partially autonefed. 
The apparatus shown In this figure .a used aa followa. 

20 First, a filter 6 la Installed In the apparatua by removing 

threaded retainer plug 5. filter support housing 9, and 0-rinfe 16 
from aluminum housing 7. A filter is then placed on the filter 
aurport and the components reassembled with plug S being tightened 
until 0-ring 16 is compressed agalnat Inner plexlglaa housing 11 

23 contained within outer aluminum housing 13. If desired, a porous 
drain dlac (not shown) can be plaeed under the filter. 

A sample la then loaded into receiving chambar 3 by rotating 
load/recycle/dischargj valva 13 until load/discharge tube 17 Is 
aligned with inlet port 19, and by rotating preaaura/vent valve 23 

30 until vent port 23 la aligned with exhauat port 21. A aampla can 
than be Introduced into the receiving chamber through 
load/dlacharga tuba 17. Most conveniently, this la done by at- 
taching a ahort length of flexible tubing and a hypodermic syringe 
to load/dlacharga tube 17. 

33 Once the sample has been completely loaded into receiving 

chamber 3, it is tranaferred to preaaura chamber 2 by depreaalng 
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tranafer valve 27. The tempi, ij new ready for extrusion through 
filtsr 6. To perform eha axtruaion. praaaura/vane valva 23 la 
rocacad until gaa Inlae port 31 la aligned with praaaura port 33, 
and loed/recyclc/dlacharge valva 15 la rotatad to a poaltlon where 
raeyela port 37. formal in valva 15. la allgnad at on. ,nd with 
lolat port 19 and at tha othar and with bypaaa port 29. Caa Inlet 
port 31 la eonnaetad to threaded aperture 33 which aervea to eon- 
naet tha apparatua to a valved and regulated external aourca of 
high praaaura gaa. e.g.. a valved and regulated high praaaura ni- 
trogen tank (not shown). ' 

Praaaura la than applied to preaaura ehaabar 2 cauaUig .the 
•ample to paaa froa that chamber to receiving chamber 3 by way of 
filter 6. bypaaa port 29, recycle port 37, and Inlet port 19. 
Thla accomplishes one axtruaion of tha tempi, through the filter. 
Flow from pressure chember 2 to receiving chamber 3 can be visual^! 
ly observed through plcxlglas housing 11, and the amount of pres- 
sure applied can be adjusted to achieve a gentle flow. j 

Once all of the sample has been transferred to recelvljng 
chamber 3. the valve on the external source of pressure Is closed, 
and pressure/vent valva 23 Is rotnted to first bring vent port 23 
into alignment with exhauat port 21 nnd then Into alignment with 
pre«-ure port 33, thua venting both receiving chamber 3 end pres- 
sure ehanber 2. The aample can now be reintroduced to pressure 
chamber 2 by simply depressing transfer valve 27. With the sample 
In preaaura chamber 2, the axtruaion process is repeated following 
the procedures described above for the firat extrusion. Note that 
with the sample In the receiving chamber and with both chambers 
having been vented, a new filter can be installed, if dealred. 
following the proceduree deecrlbed above. 

Onee the receiving chamber - preaaura chamber - receiving 
ehaabar cycle haa been repeated the dealred number of tlaee. the 
eeaple ia discharged froa the apparatua through loed/dlacharge 
tuba 17 by first aligning gas Inlet port 31 with exhauat port 21 
and load/dlacharge tuba 17 with inlet port 19, and than applying 
pressure to the system froa the external preaaura aourca. la 
practice, the external proeeure is shut off before all of the 
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•tap It has lafc chamber 3 to avoid high gaa flowe at tha and of 
tha evacuation. Rathar than using load/diacharga tuba. 17. tha 
aampla can alao ba removed by disassembling thraadad ratainar plug 
5, filtar support housing 9, and O-rlng 16 froa alualnua housing 
S 7, and than depressing transfer valve 27 to causa tha sanpla to 
flow into tha prtssura chaabar and out tha bottom of tha Appara- 
tus. 

If desired, tha apparatua shown in Flgura IB, or equivalent 
apparatus* can ba equipped with conventional automatic fluid 

10 handling equipment and controls to achieve a coaplataly autoaated 
process. Also* co as to ha able to aalntaln tha temperature of 
the sample above tha gel to liquid crystalline transition tempera* 
ture of tha lipids used, the pressure chambers of whatever equip* 
mem Is employed can be heated using a water Jacket or similar 

IS device. 

Without Intending to limit it In any manner, the present in* 
ventlon will be more fully described by the following example^. 
The materials and methods which are common to the various examples 
presented below are as follows. j 

20 Materials and Methods 

Lipids \ V 

Egg phosphatidylcholine (EPC) nnd soya phosphatidylcholine 
(SPC) were Isolated employing standard procedures (Singleton, ct 
al.. Journal of the American Oil Chemical Society , £2:53 (1965)). 

23 Corresponding varieties of phoephatldylethanoiamlne (PE) and 
phoephatidylserine (PS) were prepared froa EPC and SPC to produce 
EPE. SPE, EPS and SPS (see Coafuriue. P. and Zweal, A.F.A. (1977) 
Blochla. Blophyo. Acta , ,488: 36-42). Tha lipids froa tha soya 
source are conalderably aore unsaturated than those derived froa 

30 EPC, due to tha high content of Unolele acid in SPC (sea Tllcock, 
C.P.S. and Cullia. P. A. (1981) Blochla, Bloohya. Acta , 
6M: 189-201). All liplda ware mora than 99Z pure aa determined by 
TIC. Acidic phospholipids (PS) ware converted to tha aodlua salt 
fora aa deacrlbad in Hope, M.J. and Cullia, P.*. (1980) Blochsa. 

33 Blophye. Res. Comaun. , 92:846-852. Choleatarol (Sigma, St. Louie) 
was used without further purification. 
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Deteralnatlon of Trapped Volumee 

To determine trapptd volumee, multilamellar vaalclaa vera 

prepared la accordance vlth the proceduraa deecrlbcd In Example 1, 

11 14 

Infra , but In tha praaanea of 1 uCl of Na or C-inulin (NEN, 
3 Canada). Unilaaallar llpeaomaa vara than praparad froa tha 
multilamellar llpooomee, again following tha proeaduraa of Example 
I. 

An aliquot (100 uD^vae than loadad onto a Sephadex C-30 col* 
umn paickad In a 1 nl dfepoaable eyrlnge, and vaalclaa alutad by 

10 cantrlfugatlon of tha column at 300 g for 3 mln. Sot Pick, "u. 
(1981) Arch, Blochem. Blophye. . 212:136-194, In tha eaaa of 2 ?Na 
this vaa aufflciant to ramova all tha untrappad material. Howev- 
er, to remove all tha untrappad lnulln thla procadura vaa althar 
rapaatad onca mora or a aingla paaa through an Ultragal column 

IS (LKB - ACA34) was employed. Allquota of tha alutad matarlal vara 
aeeayed for lipid phoaphorua according to tha mathod of Bottcher. 
C.J.F.. Van Cant, CM. and Priea. C. (1961) Anal. Chlm. Acti . 
24:203-204; trappad 22 Na vaa datarminad employing a Beckaan 8000 
gamma countar and trappad * 4 C lnulln vaa eetlmated ualng I a 

20 Phllllpa PW-4700 liquid aelntlllatlon countar. Trappad volumaa 
vara than calculated aa ul of trapped voluma par umol fef 
phospholipid. 

31 P Nuclear Magnetic Rtaonanca 

3l P NMR vaa amployad to provide an indication of tha extent 

25 to vhlch tha vaelcle preparatlona vara unilamellar. Specifically, 
Mn 2 * vaa added to the vesicle dlaperelon (3 ml* 30-60 umol 
phospholipid per ml In a 13 an diameter NMR tuba) at levela (3 mM) 
aufflciant to broaden bayond detection tha 3l P NMR algnal from 
thoaa phoephollpldo facing the external medium. If tha vaalclaa 

30 ara large and unilamellar, then approximately 30X of tha algnal 
ahould remain follovlng the addition of fet 2 *. The Impermeability 
of tha vaalclaa to Mn 2 * vaa demonatrated by follovlng the 
tlmacouraa of tha algnal intenelty, vhleh for tha PC eyateme in- 
vaatlgatad vaa found to ba atable over a parlod of daya. Spectra 

33 vera obtained employing a Broke r VP 200 NMR epactrometer operating 
at 81 MRi. Accumulated fraa induction dacaya corraapondlng to 
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1000 tranalenta vara collected using a IS usee 90* radlofrequoncy 
pulee, gaead proton daeoupllng and a 20 KHa avaap vidth. An ex- 
pooanelal multiplication correeponding co a SO Hs llncbroadenlng 
vae appliad prior to Fourier transformation. Signal Intensities 
S vsra aessured by cutting out and velghlng spactra with 
trlphenylphosphlte (in a small esntral capillary in tha NHR tuba) 
as a reference. 

Determination of Vtslcla Size Distributions 

Vaslcla else distributions for Examples 1*7 and part of 

10 Exaapla 8 vara datarainsd by f raasa-f racturs. Vesicle prepara- 
tions vara alxed vith glycarol (2SZ by voluaa) and frosan in a 
fraon slush. Samples vara fracturad and replicated aaploylng a 
Balztrs BAF 4000 apparatue, and alcrographa of repllcae vars 
obtained using a Phllllpa 400 electron microscope. Vaslcla slzs 

15 distributions vsrs datarmlnad by aaasurlng tha dlaastar of frac- 
turtd vtslelas that vara SOS shadovad according to tha procadura 
of van Vanttis at al. , (1980) J. Hlcroa. . M8:401-408. J 

Vaslcla slxa distributions for part of Exaapla 8 and Examples 
9-10 vara dstaralnad ualng quaal-jlaetlc light scattering, also 

20 knovn as dynaalc light scattering or photon-correlation 
spectroscopy. . { 

As knovn in the art. this technique Involves passing coherent 
light, a.g.t light produced by a helium-neon laser, through a sam- 
ple of the auspended vesicles and measuring tha time dependent 

23 fluctuatlona in tha intenalty of tha light scattered by the 
vesicles. An autocorrelation function la than calculated from 
thie data. Aa can ba ahovn theoretically, this autocorrelation 
function la directly related to tha diffusion coefficients of the 
vesicles In tha sample, vhich in turn are a function of the 

30 hydrodynamlc radii of tha vesleles. Accordingly, different 
veelcle alsa distributions vlll produce different autocorrelation 
functions. 

In practice, unique particle alaa distributions are not ob- 
tained directly from autocorrelation functiona. Rather, a dle- 
33 trlbutlon la assumed for the vesicles, and a determination la then 
aada aa to hov vail tha autoeorralatloa function calculated frca 
the measured data flte*the autocorrelation function that vould ba 
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produced If the veelclta In cha eample actually had tha assumed 
distribution. 

Specifically, if It la assumed that tha Inteneityveighted 
distribution of tha diffusion coefficients of tha vesicles It a 
3 unlmodal Causslan distribution, thao It can ba ahown theoretically 
that a aacond ordar polynomial, i.e., a polynomial In povtra of t 
up to t* t will exactly fit tha natural logarithm of tha 
tutocorrtlatlon function. Saa D.E. Koppel, Journal of Chemical 
Physics , S7:48U (1972). Accordingly, tha extent to which a sec- 

10 ond ordar polynomial, l.a., a quadratic, In fact doaa fit tha nat- 
ural logarithm of tht tutocorrtlatlon function for a particular 
tampla Is an accuratt mtaturt of tht txttnt to which tht diffusion 
cotf flcltntt of tht vtslclta In tha aampla hava a unlmodal 
Caustlan distribution. Aa uatd In tht art, thla proctdurt la of-- 

iS ttn rtftrrtd to aa a cumulanta analysis of tha autocorrelation * 
function. i 
Aa known in tht art. It Is a straightforward mat tar to 1] 
determine tha natural logarithm of an autocorrelation function, 2| 
to fit a aacond ordar polynomial to tha natural logarithm, and 3) 

20 to determine tht goodntts of fit of that polynomial to that loga- 
rithm. Accordingly, cha Causslan distribution approach la at pra- 
atnt tha most practical way to characterise and compare popu- 
lations of vesicles, and thus It Is tha approach uaed herein In 
connection with the unlmodal aspects of tha preaent Invention. 

23 Specifically, In accordance with thoaa aspects, a population 

of liposomes Is considered to ba substantially "unlmodal" whan tha 
logarithm of lta autocorrelation function flta closely to a second 
ordar polynomial. In tha examplee praaentad below, auto- 
correlation functlona were obtained ualng a Hlcomp Model 200 Laser 

30 Particle Sisar (Nlcomp Inatrumenta, Inc., Santa Barbara, 
California), Thla equipment uaes tha standard mathod of 
least-squarea for curve fitting and raporta goodnaaa of fit aa a 
chl a valua derived from tha devlatlona between tha logarithm of 
tha autocorrelation function and tha valuaa pradletad by tha aac- 
. 33 ond ordar polynomial. Valuaa of chi a la tha ranga of 0-2 indicate 
s good fit of tha data by tha assumed unlmodal Cauaalan dla- 
trlbutlon, while high valuaa of chi* indicate a poor fit. 



For a food fit, an estimate of the standard deviation of cho 
distribution can ba derlvad froa tha square root of tha coeffi- 
cient of tha aacond order tan of tha polynomial. For die- 
trlbutlona having a good fit, thla eotlmate la reported in the 
S examples, while for poor fits, tha estimate la not reported, 
alnca, although a value can be calculated, such a value dots not 
in fact aarve aa an estimate of the atandard deviation. 
Other Chemicals 

Xnulln, periodic acid, aodlua-m-areenlte, tyraalne, C-23 

10 Sephadex, aodlua cyanoborohydrlde, eodlua borohydrlda, and choles- 
terol were obtained froa Sigma. Ultrogel Ac34 vaa obtained fxoa 
Pharmacia, carrier free Na 12S Z (100 aCi/ml) vaa supplied by 
Aaersham and lodogen vaa fc obtained froa Fierce. All other chemical 
vare of analytical grade! 

13 Example 1 ; [ 

Preparation of Unilamellar Liposomes 
This example illustrates the preparation of large unilamellar 
liposomes using the extrusion method of the present invention. 
For eaae of reference, liposomes prepared In accordance with thla 

20 technique are referred to herein by the acronym "LUVETs, 9 * i.e., 
Large Unilamellar Veslelss by Extrusion Techniques. ' 

Large multilamellar vesicles (HLVs) were prepared by the con* 
ventlonal proceaa aa follows. first, lipid dissolved in 
chloroform vaa dried down and deposited aa a film on the lnalde of 

25 a teat tuba. The KLVe vare then formed by simply sddlng an aqua- 
oua buffer of ISO mM NaCl, 20 aN HEPES, pH 7.5, to tha teat tube 
and hydra ting the lipid by vortex mixing. 

Tha raaultlng MLV dispersion (2*10 el) vaa then tranafarred 
loco tha preaaure chaabar of tha apparatua ahovn la Figure 1A, 

30 equipped vlth tvo atackad atandard 23 aa polycarbonata filters 
having a 100 na pora else (Nuclepore, Inc., Pleaaanton, 
California, Catalog I 110605). Nitrogen preeaura vaa applied to 
tha chaabar via a atandard gaa cylinder fitted vith a high prea- 
aure (0*4000 pal) regulator. Tha vaalclea vare extruded through 

35 tha filter employing pressures of 100-700 pal raaultlng in flov 
rataa of 20-60 al/ain, And vara collected and re-injected. 



Repetition of cht extrusion procedure five or sort tlmee resulted 
In tha production of largo unilamellar llpoaomo* having dlametcre 
of approximaealy 70 nm aa mcaeured by freexe fracture. Tha 
ovarall axtruaion process including racycling generally took 
fiftaan minutes or less. 

Tha following examplee describe in decsll tha aisa t 
unilaaallarity, trapped volume, trapping afflclancy and influanca 
of varioua lipid coapoaltiona en llpoaoaaa producad by tha forego- 
ing procadura. Alio, the effects of a freesc-thaw proeadura on 
trappad voluat and tha criticallty of filtar pora else are Ulna* 
crated. 

Example 2 
Criticallty of Filter Pora Sixa 

Thla example demonstrates tha criticallty of filtar pora size 
in producing unilamellar llpoaoaaa* and, in particular, tha criti- 
callty of ualng a filtar having a pora alxa of laaa than or jiqual 
to about 100 nm. j 

EPC HLVs wr% prepared in accordance with tha procedures de- 
ecrlbed in Exaapla 1 and than repeatedly passed through 
polycarbonate filters having pore sizes of 100 and 200 nmJ Tha 
unilaaallarity of tha resulting liposoees was determined using the 

KKR technique described above. The results are shown In 
Figure 2. 

Aa shown in that figure, for vesicles passed through tha 2C0 
na filtar, the algnal intensity drops to approximately 6JX after 
five paaaaa through the filtar and then remains relatively con- 
stant. For tha 100 na filter, on tha other hand, the signal drops 
to approximately 50X after five or more paaaaa. 

Since a drop in algnal intensity to about SOX indicates that 
tha llpoaoaaa are aubetantlally unilamellar, while a drop to only 
65X indicates substantial nultllamellarlty, thasa rssults show 
that tha 100 na filtar aucceads In producing unllaeallar 
liposomes, aa desired 9 while tha 200 na filtar contlnuaa to pro- 
duce algnlflcant aaounta of aultilaaellar llpoaoaaa lrreepectlv* 
of the number of paaaaa through tha filtar. 
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Thli conclusion la confirmed by the f reexe-f racture micro- 
irapha ehown In Figure 3.. Ae ehown In chac figure, veslclee 
formed from SPC, SPC-SPS (1:1) and SFE-SFS (111) (Figures 3(a). 
(b) and (c), respectively) uelng a 100 tm filter do noc exhibit a 
S eigniflcant number of croee-fracturce (laaa than 0.1X) Indicating 
cha abaanca of lnnar lamellae* In contrast, cross-fracturee art 
rtadlly obaarvabla for SPC vesicles procaaaad through a 200 nm 
flltar (Plgura 3(d)). 

These results claarly aatabllah thac In accordance vlch tha 
10 praaant Invention, unliamellarlty depends upon tha uaa of a flltar 
having a port slxe on tha order of 100 nm or below. 

Example 3 

LUVET Diameters, Trapped Volume a and Unllamellarlty 
This example demonetratea that the procadurea of tha present 

13 Invention when used with 100 nm filters rsproduclbly result In the 
production of a relatively homogeneoua population of LUVs fori t 
variety of lipid constituents. Vealcle dlametera and trapped vol- 
umea were determined by the methods described above. The results 
are ahovn In Figure 4 and Table X, Itifra. | 

20 Tha half-tone columns In Figure 4 ahov tha vealcle dlametera 

meaaured for SPC LUVETe which were prepared by paaaing MLVa pre- 
pared In eceordance with Example 1 through two (stacked) lob nm 
pore else flltere ten times. Table I ahove In aumaary form the 
measured mesn diameters and mean trapped voiumee for thla and oth- 

23 er lipid compositions. Aa a control, EPC LUVa were prepared by 
two procedurea (occylglucoelde detergent dlalyete and reverse 
phaaa evaporation) which are generally accepted to produce 
unilamellar veslclee, and cha LUVa ao produced were then extruded 
tan tlmee through two (atacked) 100 nm pore else flltere. See 

30 Mine, L.T., Zamplghl, Noxakl, Y., Tanford, C. and Reynelde, 
J.A. CI981) Blochemletry . 20:833-840 and Ssoke, F. and 
Fepehadjopouioe, 0. (1980) Ann. Rev. Bloont. . 9 t 487-308. The 
reeulte for theee controla are alao ehown la Table Z. (Xt la of 
lntareec to note with regard to tha generality of tha praaant In- 

33 ventlon that when tha occylglucoelde procedure waa employed to 
make veslclee coneletlng of EPC/choleeteroi (1:0.23), 



aultllaaallar vtslclts wtrt foratd, vhtrtaa vlch cht proctdurt of 
Cht prtatnc invention and tht stat lipid conttltutnts, sub t can- 
dally unllaatllar vtslclts wtrt foratd.) 

Tht vttlclt dlaatctr distribution shown In Figurt 4 can bt 
3 uttd co dtttralnt calculattd valuta for crapptd voluatt and taounc 
of lnntr aonolaytr phospholipid by assuming 1) an arta par 
phospholipid toltcult, t.g., 0.6 na a (stt Schlsrtn v H. , Rudolph, 
S. 9 Flnktltttln, M. , Coltaan, P. and Vtiaaaan, C. (1978) Blochla. 
Blophys. Acta. , 342: 137-133) ; 2) a bllayar chickntas, t.g., 4 na 

10 (stt Blaurock, A.E. (1982) Blochla. Blophys, Acta. . 850; 167-207); 
and 3) chac cht vsslclts art unllaatllar. Thtst calculactd valuta 
can Chan bt eoaparad vlch cht axptrlatncally obstrvtd Crapptd vol- 
uatt and aaounca of lnntr aonolaytr phospholipid Co dtctralnt cht 
proporclon of unllaatllar vtslelss prtstnc. 

IS Following chls approach for Chs vtslclt tlzt dlacrlbudon 

shown In Flgurt 4 (half tcni), it was dtctralnad chac sueh a 
vtalclt population (If unllaatllar) would havt ah "lnntr 
aonolaytr* 9 signal lnctntlcy (afttr cht addition of Mn* ) of aj- 
proxlaacaly 43Z of tha original Ir.ttnslty and that tht trapped 

20 voluat would bt approxlaacaly 1.6 ul/uaolt. This Is In rtasonabla 
agrttatnt w<ch cht atasurtd valuta of stqutsttrtd phospholipid 
(48Z) and crapptd voluat (1.2 z 0.2 ul/uaol) In vltw of tht numbW 
of assuapclons aada, and, in particular, in vltw of tha difficulty 
In •■clotting tha arta par phospholipid aoltcult which can grtatly 

23 affacc cha crapptd voluat txprtsstd as ul trapfd par uaolt of 
phoaphollpid. 

Comparing cha calculactd crapptd voluat valut of 1.6 ul/uaolt 
vtch cht txptrlatncal daca shown In Tablt I rtvtala chac LUVETs 
coapoaad of SPC anJ CFC axhlblc crapptd voluatt saallar Chan thoaa 
30 txptcctd, vhllt If a chargad phoaphollpid sptelts such aa 
phoaphacldylsarlna la prtstnc, cht chtorttlcal crapptd voluaa la 
achlavtd. 

Two poaalblt raaaona for cht low crapptd voluatt obttrvtd for 
CFC and SPC LUVFTa ara chac chart art a olgnlflcanc nuabtr of 
33 aulcllaeallar vaaleltt prtatnc In cht popuiaclon, or chac chart 
art a graacar proporclon of aaall vaaleltt prtstnc than ttclaactd 



(rem tht fraasa-fraetura alcrographa. Tha fraaxa-f ractura raaulca 
auggaat chat tha nuabar of eultllaaaliar vaaiclaa la vary aaall 
(Its* than 11) , avan If lc It aaauaad that only 3X of fraccurad 
aulcllaaallar ayataaa txhibit a croaa-fractura (aaa R,C. Millar, 

S Matura , 287:166 (1980)). On tha othar hand, an undaraatimation of 
cha nuabar of aaall vaalelfa la llkaly. 

Moraovar, aa ahown In Tabla I, Cha trappad volumaa aaaaurad 
for EPC LUVa producad by cha octylglucoaida dacarganc dlalyala 
procadura and cha ravaraa phaaa avaporatlon procadura, which vara 

10 aubaaquantly axtrudad 10 tlata through a fllcar vlch a 100 na pora 
alza, ara coaparabla to cha crappad voluaaa obcalntd for cha,EP£ 
LUVCTa • 

Thtaa ebssrvationa , cakan togathar, daaonacraca Chat Cha 
graac aajorlty of vaalclaa producad by cha axcrualon tachniqua of 
IS cha prttanc Invancion ara unilaaallar, «van chough cha aaaaurad 
crappad voluaa In cartaln caaaa la aaallar than cha ealculatad 

valua. i 
To aatabliah that cha procaduraa of cha praaanc lnvantion : 
vhan uaad with filters having a pora alza of 100 na produca LUVa.) 
20 aa oppoaad to SUVa, calorlaatrlc acudiaa vara conductad on MLVa: 
.and LUVETa coapoaad of 16:0/16:0 PC (dipalaicoylphoaphacidyl-r 
cholina — DPPC). 

SUVa coapoaad of saturated phospholipids, auch aa, 0PPC, ara 
known Co axhibic a raduction in cha gal-liquid cryacallina Cranai- 
25 cion caaparacura (T c ) and a broadaning of cha transition dua co 
Chair highly curvad atabranaa. Thia high curvacura la ganarally 
conaldarad undaalrabla baeauaa lc raaulta In Incraaaad dlaordar in 
tha aaabrana'a hydrocarbon raglon (aaa Sehuh, J.R.. Banarjaa, U,, 
Millar, L. and Caan, S.I. (1982) Blochla. Bloohva. Acca. 
30 687:219-223)/ 

In ordar co aacarcaln vhachar cha LUVETa producad by cha pra- 
aanc Invancion ara aufficlandy larga co avoid Cha problaaa aria* 
lng froa highly curvad aaabranaa, T c valuaa vara calorlaacrlcally 
aaaaurad for MLVa and LUVETa praparad In aceordanea vlch cha 
35 procaduraa of Exaapla 1. Tha raaulca ara shown In Flgura 5. 
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Ae Illustrated la this flgurt, tht MLVa and ll'VETs, txhlblt 
vtry similar valuta of T fi . Thaat valuta art consistent with those 
rtporttd io tht lictraturt. Sat Ladbrooka, 8.0. and Chapman, 0. 
(1969) Cham. Phys. Lipids . 3:304-367. They art In dlract contrast 
5 to tht behavior obstrvtd for aonlcated OPPC vesicles, which txhlb- 
lt a broadtntd gel-liquid crystalline transition which occura aomt 
4 # C btlow tht malting temperature of tht multilamellar sysctms. 
Sta van Dijck, P.V.M., dt Kniljff, 8.. Aarts, P.A.M.M., Verklelj, 
A.J. and da Gier. J. (1978) Biochlm. Blophya. Acta . 506:183-191. 

10 Accordingly, tha unllamallar llposomas prtparad by tha proeaduraa 
of tht prtstnt invention using fllctrs with a 100 nm pora sl^s art 
properly class if ltd aa LUVs, rathar than SUVa. 

To taat tht structural lnttgrlty of tht llposomta produetd by 
tht extrusion procssa of tht prtaant invention, LUVETs wart pra- 

15 parad in accordanct with tht proctdurts of Exampla 1, but with a 
buffar having a NaCl concentration of 1 M, lnataad of ISO mM. 
After prtparatlon, tht liposomes were placed in distilled watir 
v creating a large osmotic pressure difference acroaa tha llposomef' 

membranes. Using artnaso III as a marker for liposome leakage, 

20 esstntially no ltakage was found under thesa severe test coh- 
dltlons. 

Exsnplt 4 

Use of Frecte-Thtw Cvcles to Increaee Trapped Volume 
This exampla illustrates tht ust of a freexe-thaw procedure 
25 to lncreaaa tha trapped volumes of tha unllamallar liposomes 
produced by tht prtstnt invention. 

SPC and EPC LUVETe prepared in accordance with tha procedures 
of Exampla 1 ware subjected to two freesa-thaw cyclaa (employing 
liquid nitrogen) followed by extrusion through n*v 100 nm pore 
30 slat filters. Specifically, tht LUVETs ware plactd In a plaatie 
vial, and tht vial placed In liquid nitrogen for approximately 1 
minute. Tha frosen LUVETs ware than thawed in wacar at room tem- 
pers turt for approxlmataly 5 mlnutaa. Tha thavad aolutlon waa 
extruded 3 timet through new 100 nm flltera, aftar which tha 
* 35 fraaxe-thew-axtrudt process waa repeated a aacond time. 
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Suaaary rasults for tht procsss ara givan lit Ttbit l. Of 
tilli of tht slxa distribution of frattt-thawad SPC LUVETs It giv- 
•n In rigurt 4 (aolld columns). 

As ihovn In Flgura 4, tht atan dlaaacar of tht SPC LUVETs 
3 lncrsassd by approximately 20 na. Tht caleulatad trapptd voluat 
for thla vtalelt distribution la 2.3 ul/umolt yhleh la In txctl- 
ltnt agrttatnc with tht mtaaurtd valut of. 2.220.1 ul/umol (Tablt • 
I). 

Evan hightr trappad voluata wart aehlavad ualng a soya PC 
10 ayataa wharaln frattt-thavlng of LUVETa praparad by axtruaion (10 
tints) through tha 100 na pora alia fllttra, foilowad by axtruaion 
(thrtt to four tints) through 200, na pora aixt filtara, rtsultt'd 
In trappad voluata on tht ordtr of ,10 ul/uaol phospholipid. 

Exaapla S 

15 LUVET Trapping Sfflcltncy 

An laportant paraaattr of LUV prtparatlona Is thalr trapping", 
af f ifcitncy. Thla Is tsptelally so whan tht agtnts to bt trapptd 
ara althar axpantlvt, as Is tfct cast for aany drugs, or havt lo^# 
solubilitlas. j 

20 In conntctlon with tht prtstnt invtntion, It haa bttn fourtd 

that tha ovtrall proeaaa ean ba aadt to havt trapping tfflcltnclit 
on tha ordar of 30X f notwithstanding tha rtlativtly low trapptd 
voluata of tha vtslelta productd, by simply lncrtaaing tht lipid 
conetntratlon of tha solutions usad to prtpart tht LUVETa. 

25 Thla affaet la dtaonatrattd In Flgurt 6 whtrt tht ptretntagt 

of aquaoua voluea trapptd lnalda tha LUVETs Is plottad agalnat 
lipid concantratlon for LUVETa praparad in accordance with tht 
proctdurta of Exaapla 1 (aolld elrclta) and ualng tha frttst-thav 
proeadura of Exaapla 4 (opan circlta). 

30 Prtparatlon of LUVETa at lipid eoncantratlona of 300 

uaoita/al la aaally accoaplishad, giving riat to trapping tffi- 
eltnclta on tha ordar of 30Z aa shown in tht flgurt. It la ioctr- 
tttlng to nott that tha frttzt-thaw eyela only givea rlaa co sig- 
nificant lneraaata In trappad voluaa par uaol of lipid at lipid 

33 eoncantratlona balow 200 uaol/al. Slallar obaarvatlona hava batn 
rtporttd by Pick, U. (1981) Arch. Blochta. ilophyt. , 212i 184-194. 
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txaapla 6 

Cm of Flltars Having Port Slxaa Laaa Than 100 nm 
Thla axaapla lllustrataa tha affaeta of using flltara having 
port alsaa laaa Chan 100 nm on cha also of tha llpoaoaaa product* 
3 and on tha nuabar of paaaaa through cha flltar naadad to achlava 
aubatantlal unllanallarlty. 

MLVa vara praparad In aeeordanca with tha proctdurts of Exaa- 
pla 1 ualng agg PC at a concantratlon of 100 ng/ml and ualng a 
buffar of ISO aM NaCl and 20 aM Htpta (pH 7.5). Tha dlaparalon 

10 vaa paaaad tan tloaa thaough tvo atackad polycarbonata fllctra 
having a port alsa of althar SO na or 30 nm ualng tha apparatus of 
Flgura U. Allquots vara takan af tar ona and aftar tan paaaaa 
through tha axtrualon davlea and uaad to prapara f raaxt-f ractura 
alerographa aa dascrlbad abova. Saaplaa (4ai, 2S ag phospholipid 

IS par al) vara alao takan aftar varloua nuabara of paaaaa and an- 
alyst* by 31 P NKR ualng Kn 2 * aa daacrlbad abova, Tha raaulta ara 
ahovn In Flguraa 7-9. I 
Aa ahovn In Flgura 7, vtalelas axtrudad onea through tha SO 
na flltars loat 37 parcant of thalr P NKR algnal upon addltlotf 

20 of Hn 2 *, vhlla vaslelaa axtrudad onca through tha 30 na filttra 
loat 47. 3 parcant. This lndleatas that tha vttielts passafa 
through tha SO na flltars ara largar and/or nora aultllaaallar 
than thoaa pas tad through tha 30 na f 11 tar. a rasult vhlch la con- 
flraad by tha fratxa-f ractura alcrographa shown In Flguraa 8 and 

23 9. Coaparlng tha uppar portlona of thoaa flguraa (Flguraa 8A and 
9A) ravaala that tha llpoaoaaa vhlch vara paaaad onea through tha 
SO na flltars ara largar and aora Irragular than thoaa vhleh vara 
paaaad onca through tha 30 na flltara. 

Aftar tan paaaaa, tha 31 P NKR algnal Intansltlaa droppad by 

30 33 and 36 parcant for tha 30 na and 30 na flltara, raspactlvaly. 
This lndleataa that both flltars vara producing aaaantlally tha 
»*aa alsa llpoaoaaa. Thla vaa eonflraad by analysis of 
fraasa-fraetura alcrographa vhleh ravaalad chat both populaclona 
had an avaraga dlaaatar of 44 a 14 na, l.a. a dlaattar charac- 

33 tarlatlc of SUVa. Aa llluatratad by Flguraa 8B and 98, la aach 
eaaa, tha population produead vaa hoaoganaoua. 
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Coaparing tht curvat of Figure: 7. with tht curvt for tht 100. 
fim filtor in Figurt 2 ravaala that tha 3l P HMR signals ttnd co 
ltvti off faetar for the flltort vlch ioill«r poro sites. Accord- 
ingly! Its* passes through the extrueion apparatus arc required co 
5 achieve a population of substantially unllamallar liposomes with 
tha smaller port slzt filters. 

Example 7 

In Vtvo Distribution of Unilamellar llposomts 
This txamplt lllustratta tha uaa of llposomts prtpartd In 

10 accordanca vlch tha prtstnt invention to dtllvar tntrapptd aaterl- 
al in vivo. In particular* It illustrates for a rat modal aystta 
tha admlnlstrstlon and subsequent in vivo distribution • of 
l25 I*tyraminyl-inulin ( l25 ITI) containing LUVETe prtpsrtd in ac- 
cordanca vlch Examplt 1 abova. 

IS Tyrsminyl-inulin vas prtpartd as fellovs. Inulln (l.Og) vaa 

dlssolvtd in 90.0 al dlstllltd HjO and cooltd to 4 # C, 10 al 
(frtsh) O.i M periodic acid vas added and tha solution vaa in* 
cubattd ac 4*C for IS alnucts in tht dark. Parlodata consumption 
vaa aaeayed by tha arsanlta method locating approxiaataly two j 

20 oxidations par Inulln aoltcult (sta Dyer, J. In Mtthods of Bio- . 
chemical Analysis , P. Click (Ed.). Vol. 3, p. Ill, Intcreclcncc/ 
(1956)). Tha rtactlon vas terminated by neutralization with 
Ba(0H) 2 and tha ptrlodatt and lodatt salts vtrt rtaoytd by 
ctncrlfugttlon. To tht supernatant 4.3 g NaH^PO^ and 0.55 g 

23 tyraalna vara addtd and tha pH vaa adjustad to 7.S vlth 1.0M HCL. 
Subeequently, NaBHjCN (0.25 g) vaa addtd and tha solution vas 
atlrrad for 4 hr at room ttaptraturt. Raaainlng aldthydt groups 
vtra rtductd by careful addition of 0.2 g NaBH^ and tha solution 
vaa atlrrad for anothar hour at 27*C. Allquoca (25 al) vera 

30 degassed undtr rtductd pressure and applied to a US a B0 ca 
Sephsdsx G-23 column previously equilibrated vlth HjO at 4 # C. Tha 
flov rata vaa adjuated to 10 al/hr and 4 ml fractlona vara col* 
lecttd. Tht fractlona vara aisayad for tyraalna by monitoring tha 
abeorbanea at 279 na and for augar by aaploylng tha anthrona re- 

3S agent technique (aea Roe, J.H. (19SS) J. Bio. Choa .. 2l2i33S-343) • 
Tha sugsr containing fraction elutad In tha void volume and had a 
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conetant tyr amine rlnul In sola ratio, of .0.6.. The adduct. vaa com- 
pletely acparatad from the free tyramine and ochar aalta as de- 
carmlnad by rcchromatography on Sephedex C-23. Tha peak fractions 
vere lyophlllsad living an 80Z yield, baaad on inulln. 

Tha tyramlnyl-lnulln adduce vaa iodinacad aa follovo. 2.5 eg 
of tha tyramlnyl-lnulln adduce vara dissolved in 0.2 ml HEPCS (20 
mM), NaCl (143 mM) pH 7.4 (HZPES buffarad aallna; HBS) and placed 
In a 1*5 ml seopparad vial in vhlch 40 ug lodogen had batn previ- 
ously deposited from 300 uL CHClj. Than carrier free Na l2 *l (4 
mCi, 100 mCl/ml) vaa added and tha reaction allowed to procada for 
43 mln at room temperature. The solution vaa thtn tranaf erred to 
a vtaael containing 10 ul 0.1 M Ns^SjO^, 0.05 K KZ vhlch vaa then 
applied to a C-25 column (1 x 20 cm) equilibrated vlth HBS. 
Fractlena (0.5 ml) vsra collected and tha l23 Z containing 
fracclona elutlng in the void volume (2.3 ml) vara pooled. Tha 
rasultlng l25 l-tyraainyl-inulin ( l23 ITI) solution routinely con- 
tained 1 uCi/uL l25 lt where less than 0.01Z vaa in tha free iodide i 
form (less than 0.01Z vaa CHCi, extractable vhen made to 1.2Z H.0- f 
and 0.4Z KZ) and over 99Z of the material tluted aa one ptak in 
tha void volume on re-chromatography employing Sephadex C-25. Zn j 
all studies the material vas used within 2 vatks of production. f 

Llpoaomea loaded vlth l25 ITI wore prepared in accordance vlth 
the procedurea dascrlbtd abovt. Specifically* 30 uool agg 
phoephatldylchollne (CPC) and 30 umol choleaterol vare dried down 

from CHC1-. Tha reeultlng lipid film vaa dispersed in I ml HBS 

125 

containing 1 mCt ZTZ by vortex mixing. The multilamellar ays- 
tarns thua produced were then extruded 10 tlmea through tvo 
(stacked) polycarbonate Kuclepore filters (100 nm pore else) under 
Hj pressure (200-400 pel). Aliquot a (0.1 ml) of tha UJVFTe vara 
applied to aa Ultrogel Ac34 column (1 ml) prevloualy equilibrated 
vlth BBS. Tha lipid containing fractlona vara pooled and 
rechromatography Indicated that mora than 97Z of tha 125 ZTZ vaa 
"trapped" la the vesicles. Tha reeultlng liposome preparation had 
a trap volume of 0.9 ul/umol phospholipid aa calculated from lipid 
phoephata analysis and entrapped 12 *ZTX (see Flake* C.H. and 
Subbarrov. T. (1923) J. Biol. Cham. , 66:373-379). The average 
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P5 

radlua of theaa vtslclts vat 70 na. Tht lUVEXs containing . ITI 
vera diluted to 0.5 umol phospholipid In 200 ul of HBS, ecortd at 
4 # C and uaad within 2 days of preparation. 

Tha LUVTTe vara admlnlatarad to ftmala Vlatar rata 
S (i50-200g), vhlch vara fad ad libitum prior to and during tha tx- 
ptrlmantt, by lightly anaathatlilng tha anlmala vlth athar and 
than Injactlng 200 ul HBS containing approxlmattly 0.5 uCl l25 ITI 
ancapaulatad In LUVETa (0.5 umol phospholipid) via tha tall vain. 
Tha rata vara allovad to racovar In mttabollc cagaa vhara tha 
10 urlna and facts vara colltettd. At varloua tlmas poat lnjactlon 
tha rata vara anasthatlxad vlth athar and sacrlflctd by 
axtangulnatlon via tht vtna cava. Blood vaa collaetad In .4 
ayrlnga containing 200 uL 200 mM EDTA and recovery vaa approxi- 
mataly 8SZ aaaualng 4.9 ml blood/100 g rat. Tha heart, liver. 
IS lung, apltan and kldnay ve^ removed and tha urine remaining In 
tha bladdar vaa colltettd. Tht carcass vaa than dlssoivtd In 200 

•1 9 M NaOH at 70*C ovarnlghc. Allquots of carcaaa digest and 

P5 

aaaplaa of tlssuaa vara than aaaayad for tha praaanca of * X. 

Flgura 10 Uluacratae tha claaranca Irom tha circulation of 
20 tha LUVETa and tha subsequent appearanee of lnulln In the urine. 
At shovn In that figure, the encapsulated material In the circu- 
lation la Initially rapidly reduced to approximately 40X of the 
Injected levels, and thereafter decays vlth a much longer 
j half-life (approximately 3 hr). Further, only 301 of the injected 

23 dose Is eventually found In the urine even after 3 days. This 
latter raault clearly indicates tissue uptake and retention of 
LUVET encapsulated l23 ITI. 

The actual tlaaue distributions are ehovn In Flgura il vhere 
approximately S0Z of the in vivo "ITI la accumulated by tha llv- 
30 ar, approximately 10Z by the aplaen and tha re at la found In tha 
carcaaa. Lata than 3Z l25 ITI vaa found In tha heart, lung and 
kidney at any time poat Injection (data not ehovn). 

Tha tlasua distributions observed are similar to thoae prevl- 
ously observed vlth liposomes produced by other methods (sae, for 
33 example, Abra, R.M. and Hunt, C.A. (1981) Blochlm. Bloohys. Acta , 
666 , 493-503), ehua demonstrating that tha llpoeomes of tha 
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preeent invention ara equivalent with regard to in vivo behavior 
co prior art llpoeoaeo* 

i r 

Solvent Free Production of tlpoeoaoo 
S Thla exaaple illuetrntee the production of liposomes directly 

from a lipid povdar or pallet and bufftr without tha usa of any 
aolvanta or othar axtranaoua aaterlala. 

Ona hundrad eg of EPC 9 prepared aa described abova 9 waa 
apoonad into, a taat tuba, 1.0 al HEPES buffar waa added, and tha 

10 mixture waa lncubatad at 20*C for 10 minute*. Tha alxtura waa 
briafly vortexed alxad for 2 ainutaa, followed by S alnutaa wale* 
lng time, followed by 2 alnutaa vortexing. and tha raaultlng io.«' 
lution addad to tha praaaura chaaber of tha apparatus of Figure 
1A. which had been fitted with two etacked polycarbonate filters 

IS having a pore else of 100 na. The solution waa extruded through 
the filters ten tinea at a temperature of 20*C. The preaaurea 
aaployed ware on the order of 200-300 psl» and tha raaultlng flow 
rataa were on the order et approximately 30 ml/min. 

Freesa fracture alcrographa of the resulting product ware 

20 prepared following the procedures described above. Tha product 
waa found to ba a homogeneous population of aubstantlally 
unilamellar liposomes having a mean dlaaater of approximately 70 
na aa aeasured by freeze fracture. If desired, this mean diameter 
can ba increaaed uelng the freexe-thaw procedurea of Example 4 

23 above. 

The procedurea described above were repeated uelng 200 na 
flltare, instead of 100 na filters. In this caae, preeauraa on 
tha order of 100 pal were used* sgaln resulting in flow rstaa of 
approximately 30 al/ain. Again, a hoaogeneoua population of 

30 lipoeomea wae produced, but in thla caae a aubatantlal portion of 
tha population was multilamellar, rather than unilamellar. Tha 
mean dlaaater of thla population was approximately 168 na. aa 
aeasured by quaei-elaetlc light acacterlng using a Nicoap Model 
200 Laeer Partlele Sixer (Nicoap Inatruacnte. Inc., Santa Barbara. 

33 California) . 
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Example 9 

Preparation of A Subeta ntlally Unlmodal Population ef Liposomes 
This example llluatratee the preparation of * population of 
llpoeonee having a aubatantlally unimodal distribution. 
3 Urg« anil t llama liar vealdaa (KLVa) vara praparad by tha con- 

ventional proeaaa aa follova. Firat. EPC praparad aa deaerlbtd 
abova vaa dlaaolved in chloroform and' dried down and deposited aa 
• flla on tha IneUe of a t*at tuba. Tha KLVa vara than f oread by 
simply adding an aqua ou a buffar of ISO «M NaCl. 20 mM HEPES, pH 
10 7.3. to tha taat tuba and hydratlng tha lipid by vortex nixing. 

Tha resulting MLV dispersion vaa than tranafarrad into tha 
praaaura chamber of tha apparatua shovn in Figure 1A, equipped • 
vlth tvo acackad acandard 25 aa polycarbonate filters having a 
pora alsa of 200 na (Nuclepore, Inc.. Pleaaanton, California, Cat- 
IS alog 9 110606). Tha dlaparalon vaa extruded through tha filcera 
23 tinea at a temperature of 20*C. The preaaurea employed vera on 
the order of 100 pal. and the resulting flov rates vera on the 
order of 30 ml/mln. The a.'ilng procedure vaa completed in loss 
than approximately IS minutes, and the resulting 'liposomes vera 
20 found to ba aubatantlally Intact, notvichatandlng their many pass- , 
as through tha filters. f 

The aire distribution of tha population at tha and of tha 2S 
paaaea vaa determined ualng the quasi-elastic light ecatterlng 
technique deeeribcd above. The results are shovn In Table II. 
23 infra. 

Aa ahovn in tha table, tha population had a chi a value of 
1.42 indicating that a good fit vaa achieved by a second order 
polynomial* and thua that tha diffusion coefficients of the 
vaalelaa had a uniaodal Gaussian dlatributlon. Tha aaan diameter 
30 calculated for thla population la 169 na, i.e., about 132 smaller 
than tha 200 na pora aise uaed for extrualoo, and tha atandard 
davlatloa about tha aaan la a relatively narrov S3 na. 

33 



Extpplt 10 

Prtptratlon ef Llposoots Ustnt A Stqutnct of Eolyctrbonstt Filttrs 
This txtaplt dtaonttratts tht laporctnct of using fllctrs of 
a constant port slzt, at oppoiad co a atquanea of fllttra of dt- 
5 crtatlng port slstt, to obtain a population of liposomes having a 
substantially unlaodal alzt distribution. 

MLVa vtra prtpartd aa In Exaapla 9, but lnattad of btlng 
txtrudad 23 tlatt through filttrs having tha aama port slzs, thty 
vtrt txtrudtd onct through a atrlaa of fllttra having tha follow- 

10 lng port aizts: 1000 no, 800 na, 600 na, 400 na and 200 na 
(Nucltport, Inc., Pltatanton, California* Catalog Not. 110610, 
110609. 110608, 110607, and 110606). As In Exaapla 9, tht appara- 
tus of Flgurs 1A was ustd. tqulpptd in this cssa with just a tin- 
git fllttr for tach fllttr alzt. Tht prttturta, flow rstaa and 

15 proeasslng ttaptrtturs wtrt tht ssat as in Exaapla 9. 

Tha slit distribution of tht llposoets prtparad in this aan- 
ntr, aa t dattraintd by quasl-tlastlc light scatttrlng, la shown In 
Tabla ZZ. In this cssa, a huga chl* valut of 368 vat calculated, 
which atant that a stcond prdtr polyncalal did not fit tha data, 

20 and thua that tha diffusion cotfflcltnts of tha llposoass do not; 
hsvt a unlaodal Caustlan distribution. ; 

Coaparlng this rtsult with tha rtsults for Exaapla 9 cltarly 
tstsbllshts that aultlplt passts of liposomes through filttrs of a 
constant port slzt surprisingly product a materially dlfftrtnt 

23 slzt distribution froa that productd by passagt of tht tact typt 
of llpotoaaa through a strlts of filttrs of dtcrtsslng port slzt. 

Although sptelflc tabodlatnts of tha lnvtntlon hava batn dt- 
acrlbad and illustrsttd, it Is to ba undtrstood that aodlflcatlona 
can ba aada without dtpartlng froa tha lavantlon'e aplrlt and 

30 tcopa. For txaaplt, tht lnvtntlon can ba practiced with a varlaty 
of atabraaa foraing aattrlala and tncapsulatabla solutts othtr 
than thoaa illustrsttd In tht txaaplt t. Slallerly, varloua typta 
of apparatua othtr than that llluttrattd hartln can bt uttd to 
practlca tht prtstnt lnvtntlon. In particular, baeauat aach of 

35 let atapa la taally controllable, tha aathod of tht prtttnt 
lnvtntlon la especially tulttd for lapltatntatlon In a totally 
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automated aennar, and such implementation Is specifically included 
vithin tht scope of the Invention. Alont these mm Unas, other 
typee of equipment can bo used to obtain autocorrelation 
functions, and other numerical epproeeheo con bo ueed to determine 
5 if the autocorrelation function la of the type that would be gen- 
erated from a Cauaalan distribution. The acopo of tho Invention 
aa defined in the appended^ clalma ia Intended to cover these and 
other variations. 

10 
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TABLE I 

Phyileal Chanctt rl»tlc« of V«ilcl<M Productd by Extrmlon.of 
Vartou* Lipid Hlxtuf through Fllfrt vtch a Port Sit* ef 100 na 

MEAN MEAN 
DIAMETER TRAPPED VOLUME** 



LIPID 


Z INTENSITY* 


25. D. 
(na) 


2S.D. 
(ul/uaola) 


EPC 


48 


71224 


I. U0. 1 (64) 


SPC 


48 


70*23 


1.220.2 (13) 

• • 


EPC/EPS (2:1) 


46 


73225 


• 

1.3 (2) 


SPC/SPS (2:1) 


ND 


73t20 


2.4 (2) 


SPE/SPS (2:1) 


ND 


79136 


2.0 (2) 


SPS 


ND 


ND 


2.3 (2) 


EPS 


ND ' 


ND 


2.2 (2) 


EPC 

(Praata-chav) 


31 


77216 


2.220.3 (17) 


SPC 

(Fraata-chav) 


4 « 


94*26 


2.220.1 (12) 


EPC 

(Occylg lucoaida) 


49 


ND 


1.220.1 (3) 


EPC (REV) 


50 


ND 


1.2 (2) 



• Xntt&ilty of ?-KHX signal rtoainlnt In tho prottnet of 3 mH 
*o ul/uaolo phospholipid (mrabtr of oxporlaonto In ptrtnchotli) 
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TABLE II 

Proptrtltt of Llpoooae Populatlono 
Mm mrid By Quael-Elattlc Light Scattering 



Conatant Dacrtaeing 
Pert Slxe Port Size 



Moan DUaoctr 168 630 

<na) 

Chi» 1.42 368 



Standard 

Deviation 33 
(na) 



Lipid 10 10 

Concancration 
(ag/al) 



* Tha valuaa for aean dlaatcer, chi a and acandard daviacion vara 
deterainad uaing a Nieoap Modal 200 Laaar Parcicla Sixer (Nlcoyp 
Inetrvaente, Inc., Santa Barbara* CA 93111). Tha following input 
paraaatara vara uaad: geaperature — 20 # C; viacoaity — 1*002 
eantipoiat; index of refraction — 1.330; laaar wavelength ~ 
632.8 na; and alna of angla/2 — 0.7070. For both gate of aea- 
oureaento, tha inatruaant waa uaad in tha delayed baaallno aoda. 
Por tha eonatant port alaa ataauraaanta (Exaaple 9) f e run tlao of 
6.33 x 10* aaae vaa uaad, vhieh produead a total eount valuo of 
9.08 s 10*. And a channel width of 20 uaae waa uaad, which gavo an 
autocorralatlon function having 1.98 dccaye. For tha dacraaalng 
pora *lxe aaaauraaanta (Exaapla 10), a run tlao of 6.38 x 10* aaac 
waa uaad, which gava a total count value of 8.01 x 10*, and a 
channal width of 70 uaac waa uaad, which gava an autocorralatlon 
function having 1.83 dacaya. 



** Hot raportad in vlaw of chi* value (aae text). 
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Vhat Is clalaed It: 

1. A MChod for reducing the laaellarlty of a population of 
llpoaoaee coaprleing repeatedly paaalng cho lipotoatt undtr 
pretturt through • filttr vhich hat a port aize aqual to or latt 

3 chaa about 100 nm. 

2. Tha aethod of Mala I vharaln the population of liposomes 
la paaaad through tha filtar aort than two tlaee. 

3. Tha aathod of Clala 1 vharaln tha filtar haa atralght 
through channala. 

10 4. Tha aathod of Clala 3 vharaln tha filtar la a 

polycarbonata filter. 

3. A population of lipotoatt vhoee laaellarlty hit been 
raducad by tha aathod of Clala I. 

■ 6. A atthod for preparing a population of tubttantlally 
13 uniliaellar lipotoatt eoaprlalng tha tctpt of: 

a) prtparlng aultllaaellar lipotoatt; and 

b) rtpaattdly patting tha lipotoatt undtr pretturt through jt 
filtar vhleh haa a pora tixt ltst than or aqual to about 100 nm., 

7. Tha aathod of Clala 6 vharaln tha lipotoaee ere p**9fd 
20 through tha fllttr aora than tvo tlaee. 

8. Tha atthod of Clala 6 vharaln tha filtar hat etralgfit 
through channtlt. 

9 # Tha aathod of Clala 8 vhartln tha filtar It a 

polycarbonata filter. 
23 10. Tha aathod of Clala 6 Including tha additional attp of 

aubjactlng tha lipotoatt to a frttze-thav cycle to lncreaea their 

trapped voluaee. 

11. A population of aubetantlally unllaaallar lipotoatt 

prepared by the aeihod of Clala 6. 
30 12. A aathod for preparing llpoaoaee vlthout tha uee of 

eolvente, detergente or other extraneoue aaterlala coaprltlng tht 

tctpt oft 

a) preparing a mixture of a lipid povder or pellet and an 
aqueoue buffer; and 
33 b) repeatedly patting tha mixture under preeeure through a 

filter. 
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I 

13. Tht stthod of cuts' 12 Whtrtin tht filter (its straight 
through chsnnele. 

U. Tho method of Claim 13 vhtroln thi filter Is a 
polycarbonate filter. , 
3 13. The method of CUla 12 Including tho additional otep of 

subjecting tho llposoats to a freexe-thav cycle to Incrtsss thtlr 
trapped volumes. 

16. Tho method of Claim 12 vhtrtln tht fllttr has a port 
slat Itss than or equal to about 100 na, tho mixture Is passtd 

10 through tht fllttr sort than t«p times, and tht rt suiting 
llposoats art substantially unilamellar. 

17. Llposoats prepared by tht stthod of Clals 12. 

18. A population of liposomes having a substantially 
unlaodal distribution about a mtan dlamtttr grtattr than 50 nm. 

15 19. Tht population of Claim 18 vhtrtln tht natural logarithm; 

of tht autocorrelation function of tha tlmt dtptndtnt fluctuations" 
In tht Intensity of light scatttrtd by a samplt of tht population 
during illumination of tht samplt vlth coherent light can be 
cloatly fit by a stcond order polynomial. j 

20 20. A mtthod for increasing tht homogtntlty of a population 

of liposomes comprising repeatedly passing tht liposomes through 
one or a plurality of filters, all of which havt tht same pore 
slxe, tht number of passes through tht fllttr or filters btlng 
sufflcltnt to product a substantially unlmodal distribution of tht 

25 dltmtttrt of tht liposomes about a mtan valut. 
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